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ABSTRACT
S a l i n i t y  in d u c e d  changes i n  th e  c o n c e n t r a t io n  o f  t h e  f r e e  
am ino a c id s  and  i n  t h e  a c t i v i t i e s  o f  th e  a l a n in e  and a s p a r t a t e  am ino­
t r a n s f e r a s e s  w ere  m easu red  in  g i l l  t i s s u e  o f  Mya cUie.naAA.CL, MeA.cenaAZa 
meA.cencUUa and SpZ&uZa 6oZictiA6-m a. The l a r g e s t  change i n  th e  con­
c e n t r a t i o n  o f  an  i n d iv i d u a l  f r e e  amino a c id  due t o  an  in c r e a s e  i n  
s a l i n i t y  was t h a t  n o te d  f o r  a la n in e  w hich  h a d  a  U l l  % in c r e a s e  i n  Mya, 
a  282% i n c r e a s e  in  S p Z iu Z a  and a  5195% in c r e a s e  i n  Me.AcenaAA.a. S i g n i f ­
i c a n t  i n c r e a s e s  i n  th e  a c t i v i t i e s  o f  th e  a la n in e  and a s p a r t a t e  am ino­
t r a n s f e r a s e s  w ere  n o te d  o v e r  th e  tim e  c o u rs e  o f  th e  e x p e r im e n t . The 
d e c re a s e  i n  a m in o tr a n s fe r a s e  a c t i v i t y  n o te d  a t  36 t o  60 h o u rs  a f t e r  
t r a n s f e r  o f  th e  a n im a ls  i n t o  h ig h e r  s a l i n i t y  w a te r  i s  i n t e r p r e t e d  as 
a  t y p i c a l  o v e rs h o o t  phenom enon. Changes i n  th e  c o n c e n t r a t io n  o f  
a la n in e  w ere  r e f l e c t i v e  o f  th e  s a l i n i t y - i n d u c e d  c h an g es  i n  th e  am ino­
t r a n s f e r a s e  a c t i v i t i e s .  The e c o lo g ic a l  im p l i c a t i o n s  o f  t h e  above 
f in d in g s  a re  d i s c u s s e d .
I s o l a t e d  g i l l  t i s s u e s  from  Mya aAe.naAA.a w ere  in c u b a te d  in  
a r t i f i c i a l  s e a  w a te r  o f  v a r io u s  s a l i n i t i e s  and u n d e r  a n a e ro b ic  and 
a e r o b ic  c o n d i t i o n s .  R e s u l ts  i n d i c a t e  t h a t  i s o l a t e d  g i l l  t i s s u e  can 
a c c u m u la te  f r e e  amino a c id s  in  re s p o n s e  t o  a  s a l i n i t y  i n c r e a s e  i n  much 
th e  same way as i n t a c t  a n im a ls . The e x p e r im e n ts  v a l i d a t e  th e  u s e  o f  
i s o l a t e d  g i l l  t i s s u e  f o r  in c u b a t io n  s t u d i e s  i n v o lv in g  - ^ C - la b e le d  
com pounds.
I s o l a t e d  g i l l  t i s s u e s  from  Mya cUie.naAA.a, SpZiuia. 6oZA.cLL&&4jma 
and  MeA.cenaAA.a meAc.e.ncUu.a w ere in c u b a te d  i n  a r t i f i c i a l  s e a  w a te r  con­
t a i n i n g  a s p a r t a t e - - ^ C  i n  o r d e r  t o  e l u c i d a t e  th e  r o l e  o f  a s p a r t i c  a c id  
i n  th e  f r e e  amino a c id  p o o l  in v o lv e d  i n  i s o s m o t ic  i n t r a c e l l u l a r  
r e g u l a t i o n .  Q u a n t i t a t i v e  changes in  th e  c o n c e n t r a t io n  and r a d i o ­
a c t i v i t y  o f  th e  f r e e  amino and o rg a n ic  a c id s  w ere  m ea su red . R e s u l ts  
i n d i c a t e  t h a t  a s p a r t i c  a c id  can s e rv e  as  an  i n d i c a t o r  f o r  d e te rm in in g  
th e  m e ta b o lic  pa thw ays w h ich  a re  a c t i v e  i n  th e  p r o c e s s  o f  i n t r a c e l l u l a r  
o sm o tic  r e g u l a t i o n .
The p r o d u c t io n  and a c c u m u la tio n  o f  a l a n i n e - 1^  and s u c c i n a te -  
from  a s p a r t a t e - - ^ C  d u r in g  in c u b a t io n  u n d e r  a n a e ro b ic  c o n d i t io n s  i s  
t h e  r e s u l t  o f  t h e  m e ta b o lic  pathw ays commonly d e s c r ib e d  f o r  t h e  a n a e ro b ic  
m e ta b o lis m  o f  th e  p ro d u c ts  o f  g l y c o l y s i s .  The s y n th e s i s  o f  a l a n in e  f o r  
o s m o re g u la to ry  p u rp o se s  i s  d i r e c t l y  r e l a t e d  to  t h e  m e ta b o lic  pa thw ays 
in v o lv in g  th e  s y n th e s i s  o f  p y r u v a te .
MECHANISMS OF ISOSMOTIC INTRACELLULAR REGULATION 
IN MARINE MOLLUSCS
INTRODUCTION
The p r o c e s s  o f  i s o s m o t ic  i n t r a c e l l u l a r  r e g u la t i o n  i n  m arin e  
i n v e r t e b r a t e s  in c lu d e s  a d ju s tm e n ts  i n  t h e  c o n c e n t r a t io n  o f  f r e e  amino 
a c id s  (FAA) (re v ie w e d  hy  F l o r k in  and  S c h o f f e n i e l s ,  1965 , 1 9 6 9 a ,b ) .  
C o n se q u e n tly , i n v e s t i g a t i o n s  i n t o  t h e  b io c h e m ic a l  m echanism s in v o lv in g  
th e s e  compounds h av e  b e e n  u n d e r ta k e n .  S c h o f f e n ie l s  (1 9 6 k , 1 9 6 5 , 1966) 
and S c h o f f e n ie l s  and  G i l l e s  (1 9 6 3) exam ined  th e  a c t i v i t y  o f  c r u s ta c e a n  
(HomaAuA vuZgxAAA, PaZZnuAuA vuZ qclaaa and  AAtacuA ^Z uvZoZZIZa ) g lu ta m ic  
d eh y d ro g en ase  in  r e l a t i o n  to  t h e  i o n ic  e n v iro n m e n t. They found  t h a t  
b o th  a n io n s  and c a t io n s  can  b e  e f f e c t i v e  i n  a l t e r i n g  th e  a c t i v i t y  o f  
th e  enzyme and c o n c lu d e d  t h a t  th e  i o n i c  c o n te n t  o f  th e  c e l l  i s  im p o r ta n t  
i n  i n t r a c e l l u l a r  o s m o re g u la t io n  by  a c t i v a t i n g  o r  i n h i b i t i n g  enzymes 
in v o lv e d  i n  amino a c id  m e ta b o lis m . C h a p lin  et_ a l  (1965 ) w ork ing  w ith  
g lu ta m ic  d e h y d ro g en ase  from  HomaA.uA vuZgoAAA and CoA.cU.nuA mo&noA came 
to  a  somewhat d i f f e r e n t  c o n c lu s io n .  A f t e r  a s s e s s in g  th e  Zn \)ZtA.o 
io n ic  e f f e c t s  in  r e l a t i o n  t o  t h e i r  f u n c t io n  Zn vZ vo , th e y  co n c lu d ed  
t h a t  one c o u ld  n o t  a c c e p t  o r  r e j e c t  th e  h y p o th e s i s  im p l ic a t in g  io n ic  
c o n t r o l  o f  g lu ta m ic  d e h y d ro g e n a se  as  a  f a c t o r  i n  th e  osm otic  a d ju s t ­
m ent o f  e u ry h a l in e  i n v e r t e b r a t e s .
G i l le s  and S c h o f f e n i e l s  (1 9 6 6) d e m o n s tra te d  th e  e x is te n c e  
o f  an a s p a r t a t e  and o x a lo a c e ta t e  d e c a rb o x y la s e  in  HomaA.UA vuZgaAAA 
and As Zoc.ua fatuvZatZZZA. In  c h a r a c t e r i z i n g  th e s e  enzymes t h e y  found
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t h a t  a s p a r t a t e  d e c a rb o x y la s e  i s  i n s e n s i t i v e  t o  changes i n  NaCl and 
KC1 c o n c e n t r a t io n s  w h ile  o x a lo a c e ta t e  d e c a rb o x y la s e  i s  i n h i b i t e d  by  
b o th  s a l t s  b u t  t h e  a u th o r s  d id  n o t  s u g g e s t  an o sm o re g u la to ry  r o l e  
f o r  t h e s e  enzym es. G i l l e s  (1 9 6 9 ) ,  i n v e s t i g a t i n g  th e  e f f e c t s  o f  v a r io u s  
s a l t s  on th e  a c t i v i t y  o f  enzymes im p l ic a te d  i n  amino a c id  m e ta b o lism  
c o n c lu d e d  t h a t  t h e  r e g u l a t i o n  o f  t h e  amino a c id  l e v e l  i n  a  e u r y h a l in e  
s p e c ie s  d u r in g  o s m o tic  s t r e s s  i s  a t  l e a s t  p a r t i a l l y  due t o  a  m o d if i ­
c a t i o n ,  u n d e r  i o n i c  c o n t r o l ,  o f  t h e  a c t i v i t y  o f  d i f f e r e n t  enzymes 
in v o lv e d  i n  th e  s y n th e s i s  and  d e g r a d a t io n  o f  amino a c id s .
Em erson (1 9 6 7) fo u n d  t h a t  i n  d e v e lo p in g  embzyos o f  AAtcmia 
SaJLina. t h e  a c t i v i t y  o f  a la n in e  a m in o tr a n s fe r a s e  c lo s e ly  fo l lo w s  th e  
p a t t e r n  o f  a l a n i n e  changes d u r in g  deve lopm en t b u t  th e  l e v e l s  o f  a la n in e  
and a la n in e  a m in o tr a n s f e r a s e  a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  AAjtoxnZa. 
i n c u b a te d  i n  d i f f e r e n t  o sm o tic  e n v iro n m e n ts . Hammen (1 9 6 8, 1969) 
found  t h a t  th e  a m in o tr a n s f e r a s e  a c t i v i t y  i n  t i s s u e s  o f  m arin e  b iv a lv e  
m o llu s c s  i s  r e l a t e d  t o  t h e i r  amino a c id  e x c r e t io n  r a t e s  an d  t h a t  
th e y  may b e  a l s o  in v o lv e d  i n  r e g u l a t i n g  th e  r e l a t i v e  q u a n t i t i e s  o f  FAA 
d u r in g  th e  p r o c e s s  o f  i n t r a c e l l u l a r  o s m o re g u la t io n . How ever, am ino­
t r a n s f e r a s e  a c t i v i t i e s  a p p e a r  n o t  t o  b e  a f f e c t e d  by NaCl (C h a p lin  
e t  a l , 1 9 6 6; G i l l e s ,  1 9 6 9). H uggins and Munday (19 6 8) i n  a  re v ie w  
o f  c r u s ta c e a n  m e ta b o lis m  c o n c lu d e d  t h a t  th e  la c k  o f  io n ic  (N aCl) 
m e d ia tio n  o f  a m in o t r a n s f e r a s e  a c t i v i t y  does n o t  e x p la in  t h e  o b s e rv e d  
a l t e r a t i o n s  i n  t h e  amino a c id  p o o l  d u r in g  o sm o tic  s t r e s s .
F or s e v e r a l  m arin e  b iv a lv e  m o llu s c s ,  a la n in e  p la y s  an 
im p o r ta n t  r o l e  i n  t h e  FAA p o o l  in v o lv e d  i n  i n t r a c e l l u l a r  o s m o re g u la t io n
Mya OAenaAZa (D uPaul and Webb, 1 9 7 0 ) , CAassostAea vtAgZnZca (Lynch and 
Wood, 1 9 6 6) and  RangZa cu.ne.ata ( A l le n ,  1 9 6 1). A f te r  t r a n s f e r  i n t o  
s e a  w a te r  o f  h ig h e r  (fro m  20 0 /0 0  to  30 0 / 0 0 ) ,  th e  c o n c e n t r a t io n  o f  
n in h y d r in  p o s i t i v e  s u b s ta n c e s  i n  m usc le  t i s s u e  o f  Mya OAenaAZa i n c r e a s e s  
f o r  a  p e r io d  o f  a t  l e a s t  80 h o u r s .  The in c r e a s e  i n  th e  c o n c e n t r a t io n  
o f  a la n in e  a lo n e  a c c o u n ts  f o r  80 to  90$ o f  t h e  in c r e a s e  i n  n in h y d r in  
p o s i t i v e  s u b s ta n c e s  and  t h i s  in c r e a s e  i s  accom panied by  a  d e c re a s e  
i n  th e  c o n c e n t r a t io n  o f  a s p a r t i c  a c id  (DuPaul and Webb, 1 9 7 0 ).
I n  v iew  o f  t h e  change i n  c o n c e n t r a t io n  o f  i n t r a c e l l u l a r  
a la n in e  and a s p a r t i c  a c id  d u r in g  th e  p ro c e s s  o f  is o s m o tic  i n t r a c e l l u l a r  
r e g u l a t i o n ,  i t  w ould  b e  o f  i n t e r e s t  t o  exam ine th e  a la n in e  and a s p a r t a t e  
a m in o t r a n s f e r a s e  a c t i v i t y  i n  i n t a c t  a n im a ls  d u r in g  t h i s  p e r io d  o f  r a p i d  
a d ju s tm e n t .  A c c o rd in g ly ,  th e  f i r s t  s e c t i o n  o f  t h i s  s tu d y  o f  t h e  
m echanism s o f  i s o s m o t ic  i n t r a c e l l u l a r  r e g u l a t i o n  i n  m arin e  m o llu s c s  
in v o lv e d  t h r e e  b i v a l v e s , Mya OAenaAZa, MeAcenaAZa meAcenaAZa and 
SpZ&uta AoZZjdtAAZma, e a c h  o f  w h ich  d e m o n s tra te  th e  a b i l i t y  t o  a c c u m u la te  
i n t r a c e l l u l a r  a la n in e  i n  r e s p o n s e  t o  an in c r e a s e  i n  s a l i n i t y .  The 
m ain o b j e c t i v e  o f  t h i s  f i r s t  s e c t i o n  i s  to  d e te rm in e  i f  t h e r e  a r e  
Zn vZvo a d ju s tm e n ts  in  th e  a la n in e  and  a s p a r t a t e  a m in o tr a n s f e r a s e  
a c t i v i t y  i n  r e s p o n s e  t o  an in c r e a s e d  o sm o tic  e n v iro n m e n t.
A se co n d  a p p ro a c h  t o  t h e  i n v e s t i g a t i o n  o f  th e  m echanism s 
in v o lv e d  i n  t h e  a c c u m u la tio n  o f  FAA i n  i n v e r t e b r a t e  t i s s u e  as a  re s p o n s e  
t o  in c r e a s e d  o sm o tic  p r e s s u r e  c a n  b e  made w ith  th e  u se  o f  i s o l a t e d  
m o llu sc a n  t i s s u e .  I s o l a t e d  t i s s u e  and t i s s u e  hom ogenates u se d  in  
c o n ju n c t io n  w ith  r a d i o a c t i v e  i s o to p e s  have  b e e n  u se d  s u c c e s s f u l l y  t o
e lu c i d a t e  m e ta b o lic  pa thw ays and m echanism s. H ow ever, one m ust be 
a s s u r e d  t h a t  th e  p r o c e s s  o b se rv e d  when u s in g  i s o l a t e d  t i s s u e  i s  s i m i l a r  
t o  t h a t  o b se rv e d  w ith  w ho le  a n im a ls . From e x p e r im e n ts  p e rfo rm e d  on 
i s o l a t e d  n e rv e  t i s s u e  o f  Efu.ocheJA Atncr14-C6, G i l l e s  and  S c h o f f e n ie l s  
( 1 9 6 9 ) c o n c lu d e d  t h a t  t h e  FAA in v o lv e d  i n  i s o s m o tic  i n t r a c e l l u l a r  
r e g u l a t i o n  a r e  o f  i n t r a c e l l u l a r  o r ig in  and th e  i s o l a t e d  t i s s u e  re sp o n d s  
i n  much th e  same way as  th e  i n t a c t  a n im a l.
The seco n d  p o r t i o n  o f  t h i s  s tu d y  was i n i t i a t e d  t o  d e te rm in e  
i f  i s o l a t e d  g i l l  t i s s u e  from  Mya. eVtencwLd c o u ld  a c c u m u la te  s i g n i f i c a n t  
q u a n t i t i e s  o f  a la n in e  i n  re s p o n s e  to  an i n c r e a s e d  o sm o tic  p r e s s u r e  o f  
th e  in c u b a t io n  medium i n  th e  same way as was n o te d  p r e v io u s ly  w ith  
i n t a c t  a n im a ls  (D uPaul and Webb, 1 970 ). To o b ta in  a d d i t i o n a l  i n f o r ­
m a tio n  p e r t a i n i n g  t o  f a c t o r s  in v o lv e d  i n  t h e  p r o c e s s  o f  FAA a c c u m u la t io n , 
t i s s u e  in c u b a t io n s  w ere  c a r r i e d  o u t u n d e r  b o th  a e ro b ic  and  a n a e ro b ic  
c o n d i t i o n s .
D uPaul and Webb (1970) found a  r e l a t i o n s h i p  b e tw een  th e  
i n c r e a s e  i n  th e  c o n c e n t r a t io n  o f  a la n in e  and t h e  d e c re a s e  in  a s p a r t i c  
a c id  i n  m u sc le  t i s s u e  o f  Myd dUCnoKtd i n  re s p o n s e  t o  an  in c r e a s e d  
e n v iro n m e n ta l  s a l i n i t y .  In  a d d i t i o n ,  A w apara and C am pbell (1 9 6U) 
fo und  t h a t  t i s s u e  in c u b a t io n s  o f  C>idi>40At/icd v iA g tn tcc i, Ranged cu.ne.dta 
and O tdld iaat& d  w ith  a s p a r t a t e - ^ C  r e s u l t e d  i n  th e  fo rm a tio n  o f  
l a b e l e d  a la n in e  and g lu ta m ic  a c id .
I n  v iew  o f  t h i s  in f o r m a t io n ,  i t  a p p e a rs  r e a s o n a b le  t h a t  th e  
i n t r a c e l l u l a r  p o o l  o f  a s p a r t i c  a c id  may p la y  an  im p o r ta n t  r o l e  in  th e
a d ju s tm e n t  o f  t h e  FAA p o o l i n  re sp o n se  t o  an  o s m o tic  ch an g e . T h u s, 
th e  t h i r d  p o r t i o n  o f  t h i s  s tu d y  i s  d i r e c te d  a t  an u n d e r s ta n d in g  o f  th e  
r o l e  o f  a s p a r t i c  a c id  i n  th e  p ro c e s s  o f  i s o s m o tic  i n t r a c e l l u l a r  
r e g u l a t i o n  i n  m arin e  b iv a lv e  m o llu s c s .
METHODS AND MATERIALS
A m in o tra n s fe ra s e  s tu d i e s :
Mya aAmafUa, Sp-L&uZa 6oLidLc66^Lma and M e/icmania meAcmatujz 
w ere  k e p t  in  ru n n in g  s e a  w a te r  (2 0 .2  -  2 1 .^ o /o o  s a l i n i t y ,  12 -  15 C) 
f o r  5 w eeks p r i o r  t o  t r a n s f e r  i n to  20 l i t e r  a q u a r ia  c o n ta in in g  a r t i f i c i a l  
s e a  w a te r  (ASW) ( R i la  M arine M ix, U t i l i t y  C hem ical C o .,  P a t t e r s o n ,  N .J . )  
w ith  a  s a l i n i t y  o f  3 0 .6  t o  3 3 .2  o /o o  a t  a  te m p e ra tu re  o f  12 -  15 C.
D u rin g  th e  c o u rs e  o f  th e  e x p e r im e n t , th e  s e a  w a te r  was changed  a t  2k 
h o u r  i n t e r v a l s  a t  w hich  tim e  th e  a n im a ls  w ere  f e d  an a l g a l  m ix tu re  
c o n s i s t i n g  o f  J&ockhy^-U, gatbana Phae.odac£ylon tH lconutum , Monoch/iyi-U 
ZutheAd. and  VunalieJULa t& itio ttc J jX . The a n im a ls  w ere  s a c r i f i c e d  a t  
v a r io u s  t im e  i n t e r v a l s  a f t e r  t r a n s f e r  i n t o  s e a  w a te r  o f  a  h ig h e r  
s a l i n i t y .  A one p e r  c e n t w /v  g i l l  t i s s u e  hom ogenate  was p re p a r e d  
w ith  a  g ro u n d -g la s s  hand  h o m ogen izer a t  0 C w i th  0 .2  M T r i s  ( t r i s  
hydroxym ethy lam ino  m ethane) " b u ffe r , pH 7 * ^ . The hom ogenate  was 
c e n t r i f u g e d  a t  0 C t o  rem ove l a r g e  f ra g m e n ts .  The s u p e r n a ta n t  f l u i d  
was u s e d  i n  th e  d e te r m in a t io n  o f  th e  a m in o tr a n s f e r a s e  a c t i v i t y .
A la n in e  and a s p a r t a t e  a m in o t r a n s f e r a s e  (EC 2 .6 .1 .  2 ,
EC 2 .6 .1 .  l )  a c t i v i t y  was d e te rm in e d  a c c o rd in g  t o  Sigma T e c h n ic a l  
B u l l e t i n  No. 505 (Sigm a C hem ical C o .,  S t .  L o u is ,  M o .). T h is  m ethod 
in v o lv e s  th e  c o lo r im e t r i c  d e te r m in a t io n  o f  th e  k e to  a c id  form ed 
from  th e  amino a c id  s u b s t r a t e  as a  r e s u l t  o f  t h e  t r a n s a m in a t io n .  A
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Bausch and Lomb S p e c tr o n ic  20 was u s e d  f o r  th e  c o lo r im e t r i c  d e te rm in a ­
t i o n  o f  th e  a m in o tr a n s fe r a s e  a c t i v i t y .  Each d e te r m in a t io n  was done 
in  d u p l i c a te  and v a lu e s  a re  e x p re s s e d  i n  te rm s  o f  t h e  amount o f  amino 
a c id  s u b s t r a t e  t r a n s a m in a te d .
G i l l  t i s s u e  from  e a ch  a n im a l u se d  was e x t r a c t e d  i n  80% 
e th a n o l  f o r  1+8 h o u r s .  The e th a n o l  e x t r a c t s  from  each  sam p lin g  p e r io d  
w ere p o o le d  and th e  FAA w ere  d e te rm in e d  as p r e v io u s ly  d e s c r ib e d  
(D uPaul and Webb, 1 9 7 0 ) .
I s o l a t e d  g i l l  t i s s u e  s t u d i e s :
Mya OJizncwia w ere k e p t  i n  ru n n in g  s e a  w a te r  w ith  a  s a l i n i t y  
o f  1 8 .1  -  2 0 .3  o /o o  and a te m p e ra tu re  o f  15 -  18 C f o r  7 d a y s . A nim als 
w ere th e n  c o n d i t io n e d  i n  1 8 .6  o /o o  s a l i n i t y  ASW f o r  60 h o u r s .  F o r 
e x p e r im e n ts ,  a n im a ls  w ere  s a c r i f i c e d  and th e  f o u r  g i l l s  from  a  s in g le  
a n im a l w ere  -used. To re d u c e  v a r i a b i l i t y ,  t h e  f o u r  g i l l s  from  a  s in g l e  
an im a l w ere  u se d  i n  a  s in g l e  s e t  o f  e x p e r im e n ta l  c o n d i t io n s .  P re ­
l im in a r y  e x p e r im e n ts  i n d i c a t e d  l e s s  v a r i a b i l i t y  (<5%) in  FAA concen ­
t r a t i o n s  b e tw een  g i l l s  o f  th e  same an im a l th a n  b e tw een  g i l l s  o f  
d i f f e r e n t  a n im a ls  ( c a  10%). A nim al d e s ig n a t io n  and  e x p e r im e n ta l  con­
d i t i o n s  a r e  p r e s e n te d  i n  T a b le  1 . G i l l s  w ere r i n s e d  i n  18 o /o o  ASW 
and t r a n s f e r r e d  im m e d ia te ly  t o  25 ml f l a s k s  w ith  10 ml o f  18 o r  31 o /o o  
ASW. The f l a s k s  w ere  th e n  p la c e d  on a  s h a k e r  p la t f o r m  w ith  100 
v i b r a t i o n s  p e r  m in u te  a t  20 C. In  th e  c lo s e d  s y s te m s , a i r  o r  Ng was 
b u b b le d  th ro u g h  th e  in c u b a t io n  w a te r  b e f o r e  and d u r in g  th e  tim e  c o u rs e  
o f  t h e  e x p e r im e n t .
A f te r  i n c u b a t io n ,  th e  g i l l  t i s s u e s  t o  be u s e d  f o r  amino 
a c id  d e te r m in a t io n s  w ere  r i n s e d  i n  ASW, b l o t t e d  d ry  and e x t r a c t e d  
in  80% e th a n o l  f o r  U8 h o u r s .  The t i s s u e s  w ere th e n  d r i e d  a t  90 C 
t o  c o n s ta n t  w e ig h t and w eighed  t o  th e  n e a r e s t  0 .1  mg. The co n cen ­
t r a t i o n s  o f  t i s s u e  FAA and t i s s u e  w a te r  w ere d e te rm in e d  as  p r e v io u s ly  
r e p o r t e d  (D uPaul and  Webb, 1 9 7 0 ) .
C i l i a r y  a c t i v i t y  o f  g i l l s  was u n a f f e c te d  u n d e r  t h e s e  
in c u b a t io n  c o n d i t io n s  f o r  a t  l e a s t  12 h o u rs  i n d i c a t i n g  t h a t  i s o l a t e d  
g i l l s  re m a in e d  v i a b l e  u n d e r  e x p e r im e n ta l  c o n d i t io n s  ( S c h l i e p e r ,  1 9 6 6 ) .
A s p a r ta te  -  s t u d i e s :
The p ro c e d u re s  f o r  th e  in c u b a t io n  o f  i s o l a t e d  g i l l  t i s s u e  
from  Mya. aA2.Yia/u.<x, MeA.ce.ncVu.0. and Sp-c&uZa AoLicLLSA'ima w ere  s i m i l a r  t o  
th o s e  d e s c r ib e d  a b o v e . T a b le s  c o n ta in  a d d i t io n a l  in fo r m a t io n  r e l a t i n g  
t o  th e  e x p e r im e n ta l  c o n d i t io n s  u s e d . The a n im a ls  w ere  s a c r i f i c e d  
a f t e r  a  60 h o u r  a c c l im a t io n  p e r io d  i n  18 -  19 0 /0 0  ASW. P r i o r  t o  th e  
a c c l im a t io n  i n  ASW, th e  a n im a ls  w ere k e p t  in  t a b l e s  o f  ru n n in g  s e a  
w a te r  w i th  a  s a l i n i t y  o f  18 -  20 0 /0 0  f o r  a t  l e a s t  10 d a y s . The 
e x p e r im e n ts  w ere  d e s ig n e d  so  t h a t  g i l l  t i s s u e  from  e a ch  an im a l was 
u s e d  i n  a l l  t h e  i n c u b a t io n  c o n d i t io n s  o f  t h a t  e x p e r im e n t. P r i o r  t o  
i n c u b a t io n ,  t h e  g i l l  t i s s u e s  w ere  r in s e d  t h r e e  t im e s  i n  ASW o f  t h e  
same s a l i n i t y  a t  w hich  a c c l im a t io n  was c a r r i e d  o u t .
L - a s p a r t a t e - U - ^ C  (u n ifo rm ly  l a b e l l e d ) , D L -a s p a r ta te - l - " ^ C  
o r  D L -aspartate-l*--*-^C  w ere added  t o  th e  in c u b a t io n  medium p r i o r  t o  th e  
a d d i t io n  o f  t h e  g i l l  t i s s u e .  When D L -aspartate--*-^C  was u s e d ,  t h e  d a t a
w ere  c a lc u l a t e d  assum ing  t h a t  o n ly  th e  L - a s p a r t a t e  w as u t i l i z e d  i n  th e  
m e ta b o lic  p a th w a y s . A f te r  in c u b a t io n ,  t i s s u e s  w ere r i n s e d  t h r e e  tim es  
i n  A3W, b l o t t e d  d ry  and  e x t r a c te d  i n  Q0% e th a n o l  f o r  1+8 h o u r s .  The 
t i s s u e s  w ere  th e n  p la c e d  i n  p re -w e ig h e d  g l a s s  s c i n t i l l a t i o n  v i a l s  and 
d r i e d  u n d e r  vacuum . S c i n t i l l a t i o n  v i a l s  and  d r i e d  t i s s u e  w ere rew eighed  
t o  o b ta in  th e  d ry  w e ig h t o f  th e  t i s s u e  u s e d . A l iq u o ts  o f  th e  e th a n o l  
e x t r a c t i o n  from  e ach  an im a l w ere p o o le d , d r i e d  u n d e r  vacuum and  s to r e d  
a t  -2 0  C. FAA w ere  d e te rm in e d  by th e  m ethod p r e v i o u s ly  d e s c r ib e d  
(D uPaul and Webb, 1 9 7 0 ). C o n secu tiv e  o n e -m in u te  c o u n ts  o f  th e  r a d i o ­
a c t i v i t y  o f  e a ch  am ino a c id  w ere made by  th e  u s e  o f  a  1 ml a n th ra c e n e  
f lo w  c e l l  (N u c le a r -C h ic a g o , Model 6900) p la c e d  in  t h e  c o u n tin g  w e l l  o f  
a  Beckman LS 150 L iq u id  S c i n t i l l a t i o n  System  (se e  F ig .  l ) .  The 
c o u n tin g  e f f i c i e n c y  o f  th e  flow  c e l l  f o r  each  a n a ly s i s  was d e te rm in e d  
b y  th e  a d d i t io n  o f  a  ^ C - l e u c i n e  s ta n d a r d .
The c h ro m a to g ra p h ic  p o s i t i o n  o f  some K rebs C ycle  i n t e r ­
m e d ia te s  was d e te rm in e d  by  th e  a d d i t io n  o f  -*-^C -fum arate, ^ C - m a l a t e ,  
• ^ C - s u c c in a te  and  ^ C - e i t r a t e  t o  a 21-am ino a c id  s t a n d a r d  and t o  th e  
e th a n o l  e x t r a c t s  o f  n o n - r a d io a c t iv e  g i l l  t i s s u e .  The c h ro m a to g ra p h ic  
p o s i t i o n  o f  p y r u v a t e ,  o x a lo a c e ta te  and k e t o g l u t e r a t e  was d e te rm in e d  
b y  t a k in g  two m in u te  f r a c t i o n s  o f  th e  io n -e x c h a n g e  colum n e l u t a n t  and 
t e s t i n g  f o r  th e  p r e s e n c e  o f  k e to  a c id s  by  th e  c o lo r i m e t r i c  d e te r m in a t io n  
o f  t h e i r  h y d ra z in e  d e r i v a t i v e  (F ried em an n , 1 9 5 7 ) .
D u rin g  e x p e r im e n ts  u n d e r  a e ro b ic  c o n d i t i o n s , c a rb o n  d io x id e  
was c o l l e c t e d  by f i l t e r  p a p e r  w et w ith  hyam ine h y d ro x id e  su sp en d ed  in
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th e  in c u b a t io n  f l a s k .  A f t e r  t h e  t i s s u e s  w ere  rem oved from  th e  in c u b a t io n  
medium, s e v e r a l  d ro p s  o f  10 N HgSOj  ^ w ere  i n j e c t e d  th ro u g h  a  ru b b e r  
s to p p e r  i n t o  t h e  in c u b a t io n  medium t o  p u rg e  t h e  sy s te m  o f  re m a in in g  COg- 
E x p erim en ts  u s in g  -^C -sod ium  b ic a r b o n a te  i n d i c a t e d  t h a t  th e  r e c o v e ry  
o f  CO2 by t h i s  m ethod was 80% e f f i c i e n t .
Carbon d io x id e  c o l l e c t i o n  u n d e r  a n a e ro b ic  c o n d i t io n s  was 
f a c i l i t a t e d  by  g l a s s  wool p lu g s  w et w i th  hyam ine h y d ro x id e  i n s e r t e d  
i n to  th e  N2 e x h a u s t  l i n e  from  t h e  in c u b a t io n  f l a s k .  A f te r  th e  t i s s u e s  
w ere rem oved from  th e  in c u b a t io n  m edium , s e v e r a l  d ro p s  o f  10 N I^SO^ 
w ere i n j e c t e d  i n t o  t h e  f l a s k  an d  N2 was b u b b le d  th ro u g h  th e  medium f o r  
an a d d i t i o n a l  t e n  m in u te s . E x p e r im e n ts  u s in g  -^C -so d iu m  b ic a r b o n a te  
i n d ic a te d  t h a t  th e  re c o v e ry  o f  CO2 b y  t h i s  m ethod was 69% e f f i c i e n t .
The f i l t e r  p a p e rs  and g l a s s  w oo l p lu g s  w ere  p la c e d  i n  
s c i n t i l l a t i o n  v i a l s  w ith  12 ml o f  t o l u e n e - 0 . 03% PP0-0.5%  P0P0P 
s c i n t i l l a t i o n  c o c t a i l  and w ere  c o u n te d  a f t e r  th e  f i l t e r  p a p e r  became 
t r a n s l u c e n t .  The c o u n tin g  e f f i c i e n c i e s  w ere  d e te rm in e d  by th e  a d d i t io n  
t o  t h e  v i a l  o f  a  ^ C - to l u e n e  s t a n d a r d .
The r a d i o a c t i v i t y  o f  th e  e th a n o l  i n s o lu b le  f r a c t i o n  was 
d e te rm in e d  by th e  d i g e s t io n  o f  t h e  e x t r a c t e d  g i l l  t i s s u e  w ith  1 ml o f  
NCS T is su e  S o l u b i l i z e r  (A m ersh am /S earle  C o r p . ) .  The to lu e n e  c o c t a i l  
was added t o  t h e  t i s s u e  d i g e s t i o n  and  th e  sam ple c o u n te d .
P h o sp h o e n o lp y ru v a te  c a rb o x y k in a s e ,  p y r u v a te  c a rb o x y la s e  and m a lic  
enzyme a s sa y :
Mya aAe.no/Ua and MeA.ce.na/uxi m Ace.no/U a  w ere  k e p t  i n  ru n n in g
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s e a  w a te r  ( l 8  -  19 o /o o  s a l i n i t y ,  18 -  20 C) f o r  10 days p r i o r  t o  u s e .  
a  5% w /v  g i l l  t i s s u e  hom ogenate was p r e p a re d  w ith  a  g ro u n d -g la s s  
ho m o g en ize r a t  0 C w ith  0 .1  M T r is  b u f f e r ,  pH 7*^- The hom ogenate 
was c e n t r i f u g e d  a t  0 C t o  rem ove any l a r g e  t i s s u e  fra g m e n ts  and  th e  
s u p e r n a ta n t  f l u i d  was u s e d  f o r  th e  a s sa y  o f  t h e  enzymes and  t h e  d e t e r ­
m in a tio n  o f  p r o t e i n .  P r o te i n  was d e te rm in e d  by  th e  Lowry m ethod d e s c r ib e d  
by  Layne (1 9 5 7 ).
The m ethod f o r  th e  P E P -c a rb o x y k in a se  a s s a y  was e s s e n t i a l l y  
t h a t  d e s c r ib e d  by  U t t e r  and K u ra h a sk i (195*0 and  t h a t  f o r  th e  p y ru v a te  
c a rb o x y la s e  a s s a y  by  Keech and U t t e r  (1 9 6 3 ) and  U t t e r  and  Keech (1 9 6 3 ) .
The a s sa y  f o r  m a lic  enzyme was s i m i l a r  t o  t h a t  d e s c r ib e d  by U t t e r  
(1951) and P r e s c o t t  and C am pbell ( 1 9 6 5 ) .  The q u a n t i t i e s  o f  s u b s t r a t e s  
and c o - f a c to r s  u s e d  a r e  found  in  T a b le s  2 and 3 . The r e a c t i o n s  w ere  
c a r r i e d  o u t  w i th  1 .0  ml o f  th e  g i l l  t i s s u e  hom ogenate a t  20 C f o r  one 
h o u r  i n  g l a s s - s t o p p e r e d  15 ml c e n t r i f u g e  tu b e s .  At th e  end o f  one 
h o u r ,  a  0 .5  ml a l i q u o t  o f  t h e  r e a c t i o n  m ix tu re  was w ith d raw n  from  th e  
c e n t r i f u g e  tu b e s  and  added  t o  h .5  m l a b s o lu te  e th a n o l .  The r e a c t i o n  
was th e n  t e r m in a te d  by  th e  a d d i t i o n  o f  0 .1  ml ^ S O ^  so  a d ju s t e d  as  t o  
re d u c e  th e  pH o f  th e  r e a c t i o n  m ix tu re  to  a b o u t 3 . The c e n t r i f u g e  
tu b e s  w ere  p u rg e d  w ith  W2 f o r  f i v e  m in u te s  to  in s u r e  co m p le te  rem o v a l 
o f  u n r e a c te d  '*'^C02- A 0 .1  ml a l i q u o t  o f  th e  r e a c t i o n  m ix tu re  was 
p la c e d  i n  g l a s s  s c i n t i l l a t i o n  v i a l s  w i th  10 ml o f  Beckman R ead y -S o lv e  
S o lu t io n  VI s c i n t i l l a t i o n  c o c t a i l  and c o u n te d . T h is  c o u n t was con­
s id e r e d  as a  m easu re  o f  th e  q u a n t i t y  o f  1 ^C02 f ix e d .  E x p e rim en ts  w i th  
ll+C -sodium  b ic a r b o n a te  i n  3 ml o f  T r is  b u f f e r  i n d ic a te d  t h a t  th e
l hu n r e a c te d  CO  ^ w ould  b e  c o m p le te ly  d r iv e n  o f f  by  t h i s  p r o c e d u r e .
The o x a lo a c e t i c  a c id  form ed and re m a in in g  i n  th e  r e a c t i o n  
m ix tu re  was d e c a r b o x y la te d  by th e  a d d i t io n  o f  0 .1  ml 33$ A IC I3 .
o+
The $ - d e c a r b o x y la t io n  by  A1 i s  s p e c i f i c  f o r  B -k e to n ic  d ic a r b o x y l ic  
a c id s  (K re b s , 19*^2; K rebs and E g g le s to n , 19*+5)* The d e c a r b o x y la t io n  
o f  o x a lo a c e ta t e  by A l^+ was c a r r i e d  o u t a t  U5 C f o r  t h r e e  h o u r s .
The -^COg l i b e r a t e d  was c o l l e c t e d  on f i l t e r  p a p e r  w et w i th  hyam ine 
h y d ro x id e  as d e s c r ib e d  p r e v io u s ly  i n  t h i s  s e c t i o n .
The e th a n o l  e x t r a c t  o b ta in e d  from  th e  i n i t i a l  a l i q u o t  o f  
th e  r e a c t i o n  m ix tu re  was u se d  f o r  th e  a n a ly s i s  o f  th e  FAA.
RESULTS
A m in o tra n s fe ra s e  s tu d i e s :
The a m in o tr a n s fe r a s e  (AT) a c t i v i t i e s  i n  g i l l  t i s s u e  o f  
My a  cuim a/iia ., Mzficma/Ua. meA.cena'u.a and  SpL& ula AolXcLiAAlma. a re  
sum m arized i n  T ab les  1+, 5 and 6 r e s p e c t i v e l y .  C a lc u la t io n s  w ere 
p e rfo rm e d  t o  r e l a t e  th e  mean (x ) and s ta n d a r d  d e v ia t io n  (SD) o f  
th e  AT a c t i v i t y  t o  a  q u a n t i ty  o f  d ry  t i s s u e ,  w et t i s s u e  and t i s s u e  
w a te r .  S i g n i f i c a n t  changes in  th e  AT a c t i v i t i e s  w ere  n o te d  f o r  a l l  
t h r e e  b iv a lv e s  a f t e r  a  t r a n s f e r  o f  th e  a n im a ls  i n t o  h ig h e r  s a l i n i t y  
w a te r .  The r e p o r t i n g  and i n t e r p r e t a t i o n  o f  th e s e  changes r e l a t e  
d i r e c t l y  t o  th e  f a c t  t h a t  th e  g i l l  t i s s u e s  u n d erw en t s u b s t a n t i a l  
d e c re a s e s  i n  t i s s u e  w a te r  c o n te n t  (5-1%)  d u r in g  th e  c o u rs e  o f  th e  
e x p e rim e n t due to  th e  in c r e a s e d  o sm o tic  p r e s s u r e  o f  t h e  s e a  w a te r .  
S a l in i ty - in d u c e d  changes i n  th e  w a te r  c o n te n t  o f  th e  t i s s u e  in  i t s e l f  
can  s i g n i f i c a n t l y  change th e  v a lv e s  o f  th e  AT a c t i v i t y  w i th o u t  a  r e a l  
change i n  th e  a c t i v i t y  o f  th e  enzymes t a k i n g  p l a c e .
The AT a c t i v i t i e s  e x p re s s e d  i n  te rm s  o f  w et t i s s u e  and  t i s s u e  
w a te r  can  show changes by th e  l o s s  o r  g a in  o f  t i s s u e  w a te r  a lo n e  
w h ereas  th e  AT a c t i v i t i e s  e x p re s s e d  i n  te rm s  o f  d ry  t i s s u e  w ould  n o t  
be  s u s c e p t ib l e  t o  su ch  e x t r i n s i c  c h a n g e s . How ever, changes in  th e  
s a l t  c o n te n t  o f  th e  t i s s u e  may be  r e f l e c t i v e  i n  th e  e s t im a t io n  o f  th e  
AT a c t i v i t y  e x p re s s e d  i n  te rm s  o f  d ry  t i s s u e ;  i f  t h i s  f a c t o r  w ere 
im p o r ta n t ,  th e  in c r e a s e d  s a l t  c o n te n t  o f  th e  g i l l  t i s s u e  a t  a  h ig h e r
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s a l i n i t y  w ould  h av e  a  d im in is h in g  e f f e c t  on th e  v a lu e s  o f  th e  AT 
a c t i v i t i e s  r a t h e r  th a n  t h e  i n c r e a s e  r e p o r te d  h e r e .
C o n s e q u e n tly , AT a c t i v i t y  e x p re s s e d  i n  te rm s o f  d ry  t i s s u e  
can be  u sed  t o  i n d i c a t e  r e a l  changes i n  th e  a c t i v i t y  o r  c o n c e n t r a t io n  
o f  th e  AT enzymes in d u c e d  by  an  i n c r e a s e  i n  th e  e n v iro n m e n ta l s a l i n i t y .  
S in c e  th e  AT enzymes a r e  w a te r  s o lu b le  and a r e  d i s t r i b u t e d  i n  th e  
c y to p la sm , changes i n  t h e  w a te r  c o n te n t  o f  t h e  c e l l  can change th e  
e f f e c t i v e  c o n c e n t r a t io n  o f  t h e s e  enzym es. T h e r e f o r e ,  b o th  e x p re s s io n s  
o f  th e  enzyme a c t i v i t y  a r e  im p o r ta n t  i n  th e  c o n s id e r a t io n  o f  th e  
s a l i n i t y - i n d u c e d  ch an g es i n  t h e  AT a c t i v i t y  o f  th e  g i l l  t i s s u e  from  
th e  th r e e  b iv a lv e s  s tu d i e d .
The a la n in e  AT a c t i v i t y ,  i n  u n i t s  o f  d ry  t i s s u e ,  in  th e  
g i l l  t i s s u e  o f  M. cUi <lvicUu .cl and  S . AoZZcLLt>£'Una. in c r e a s e d  a f t e r  th e  
an im a ls  w ere t r a n s f e r r e d  i n t o  s e a  w a te r  o f  a  h ig h e r  s a l i n i t y .  T his 
in c r e a s e  in  AT a c t i v i t y  was t r a n s i t o r y  and a  su b se q u e n t d rop  in  
th e  AT a c t i v i t y  t o  n e a r  b a s e l i n e  l e v e l s  o c c u r r e d .  In  S . <6olAAiA&AJftCl, 
th e  a la n in e  AT a c t i v i t y  in c r e a s e d  a se co n d  t im e  b u t  r e tu r n e d  to  
b a s e l in e  l e v e l s  by  th e  end  o f  th e  e x p e r im e n t . In  M. aAznaAMl, t h e  
a la n in e  AT a c t i v i t y  r e t u r n e d  t o  b a s e l i n e  l e v e l s  a f t e r  th e  i n i t i a l  
i n c r e a s e .  In  u n i t s  o f  w e t t i s s u e  o r  t i s s u e  w a te r ,  th e  a la n in e  AT 
a c t i v i t y  in  b o th  a n im a l fo llo w e d  th e  same g e n e r a l  p a t t e r n  e x c e p t 
t h a t  th e  AT a c t i v i t y  d id  n o t r e t u r n  t o  b a s e l i n e  l e v e l s  a t  th e  end  
o f  th e  e x p e r im e n t. T h is  d i f f e r e n c e  can  be  a t t r i b u t e d  t o  th e  lo w er 
w a te r  c o n te n t  o f  th e  g i l l  t i s s u e s  a t  an in c r e a s e d  s a l i n i t y .
The a s p a r t a t e  AT a c t i v i t y ,  i n  u n i t s  o f  d ry  t i s s u e ,  i n  S . 
lotidJj> i,A jna  g i l l  t i s s u e s  in c r e a s e d  o n ly  s l i g h t l y  and a g a in ,  t h i s  
i n c r e a s e  was t r a n s i t o r y  and th e  AT a c t i v i t y  r e tu r n e d  t o  b a s e l i n e  
l e v e l s  by  th e  e n d  o f  th e  e x p e r im e n t . In  te rm s o f  w et t i s s u e  o r  
t i s s u e  w a te r ,  t h e  a s p a r t a t e  AT a c t i v i t y  in c r e a s e  was t r a n s i t o r y  and 
as i n  c a se  o f  t h e  a la n in e  AT, th e  a c t i v i t y  d id  n o t  r e t u r n  t o  b a s e l i n e  
l e v e l s  due t o  t h e  in c r e a s e d  d e h y d ra t io n  o f  th e  g i l l  t i s s u e s  a t  a  
h ig h e r  s a l i n i t y .  In  M. 0A2.n(Vu.a, t h e  in c r e a s e  i n  th e  a s p a r t a t e  AT 
a c t i v i t i e s  can  b e  a t t r i b u t e d  w h o lly  t o  th e  d e c re a s e  i n  th e  t i s s u e  
w a te r  c o n te n t  o f  th e  g i l l  t i s s u e  as t h e r e  i s  no in c r e a s e  i n  t h e  AT 
a c t i v i t y  i n  u n i t s  o f  d ry  t i s s u e .
The d a t a  p e r t a i n i n g  t o  g i l l  t i s s u e  FAA d u r in g  th e  c o u rs e  
o f  th e  e x p e r im e n t a r e  p r e s e n te d  i n  T a b les  7» 8 and  9- The ch an g es 
i n  th e  FAA c o n c e n t r a t io n  o f  Mcf<Z g i l l  t i s s u e  w ere s i m i l a r  t o  th o s e  
r e p o r te d  p r e v io u s ly  f o r  a d d u c te r  m uscle  FAA (D uPaul and  Webb, 1 9 7 0 ) . 
The FAA i n  Sp-cSU-ta. g i l l  t i s s u e  fo llo w e d  th e  same g e n e r a l  p a t t e r n  as 
in  Mya. e x c e p t  t h a t  t h e r e  was 37% in c r e a s e  in  th e  c o n c e n t r a t io n  o f  
t a u r i n e  com pared  t o  18% in  Mycu In  b o th  a n im a ls  t h e r e  was a 
s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  th e  in c r e a s e  i n  th e  c o n c e n t r a t io n  
o f  a la n in e  and th e  d e c re a s e  i n  t h e  c o n c e n t r a t io n  o f  a s p a r t i c  a c id  
d u r in g  th e  f i r s t  90 h o u rs  o f  th e  e x p e rim e n t (My a , r  = O .9 8 , P = < 0 .0 1  
Sp.c&u£a, r  = 0 . 9 0 , P = < 0 .0 l ) .  A ls o , i n  b o th  c a s e s ,  t h e r e  was a  
t r a n s i t o r y  d e c re a s e  i n  th e  c o n c e n t r a t io n  o f  a la n in e  w hich  fo llo w e d  
th e  i n i t i a l  c o n c e n t r a t io n  i n c r e a s e .
The t r a n s i t o r y  d e c re a s e  i n  th e  c o n c e n t r a t io n  o f  a la n in e  
was n o t  n o te d  f o r  MeAC.Q.na/u.0. n o r  was t h e r e  a  s i g n i f i c a n t  c o r r e l a t i o n  
b e tw e en  th e  i n c r e a s e  i n  t h e  c o n c e n t r a t io n  o f  a la n in e  and th e  d e c re a s e  
in  th e  c o n c e n t r a t io n  o f  a s p a r t i c  a c id  ( r  = 0 .6 5 ,  P = N .S . ) .  T a u r in e  
was th e  m ost ab u n d an t FAA i n  M eAcenoAia  and Sp-CiuZa an d  i n  b o th  
c a s e s  t h e  c o n c e n t r a t io n  o f  t a u r i n e  in c r e a s e d  o v e r  t h e  tim e  c o u rs e  
o f  th e  e x p e r im e n t . The p e rc e n ta g e  in c r e a s e  in  t a u r i n e  {MeAce.no/vLa.,
1 9 $ ; Sp^C iuia, 37$) was n o t  as g r e a t  as  th e  p e rc e n ta g e  in c r e a s e  i n  
a la n in e  (MeA ccn a A ia , 5195$; SpT^uCa, 2 8 2 $ ).
T a b le  10 sum m arizes th e  e f f e c t s  o f  tw o m e ta b o lic  i n h i b i t o r s ,  
m e rc u r ic  c h lo r d i e  and ce ty ltr im e th y la m m o n iu m  b rom ide  (CTMAB) on 
th e  AT a c t i v i t i e s  in  Mya, M eAccnaAia and Sp^LiuZa. B oth  compounds 
w ere  e f f e c t i v e  i n  r e d u c in g  th e  AT a c t i v i t y  i n  th e  g i l l  t i s s u e
lUhom ogenates and  w ere  e f f e c t i v e  i n  b lo c k in g  th e  p r o d u c t io n  o f  C- 
g lu ta m ic  a c id  and i n h i b i t i n g  t h e  p ro d u c t io n  o f  - ^ C -a la n in e  from  
a s p a r t a t e - l - ^ C .
I s o l a t e d  g i l l  t i s s u e  s t u d i e s :
T a b le  1 sum m arizes t h e  d a ta  o b ta in e d  f o r  some FAA con­
c e n t r a t i o n s  o f  th e  18 i d e n t i f i e d  FAA i n  Mya OAenaAia  (D uPaul and 
Webb, 1 9 7 0 ) ;  o n ly  th o s e  o f  im p o rta n c e  i n  t h i s  s tu d y  a r e  p r e s e n te d .
The re m a in in g  FAA c o n t r ib u te d  a p p ro x im a te ly  10$ o f  th e  t o t a l  and 
d id  n o t  change to  any g r e a t  e x te n t  o v e r  th e  t im e  c o u rs e  o f  t h e  
e x p e r im e n ts .
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In  E xperim en t I ,  th e  c o n c e n t r a t io n  o f  a la n in e  i n  th e  g i l l  
t i s s u e s  in c r e a s e d  f o r  th e  f o u r  s e t s  o f  e x p e r im e n ta l  c o n d i t io n s .
The g i l l s  in c u b a te d  i n  31 o /o o  ASW (M -l, M-2 and M-3) h ad  s im i la r  
p a t t e r n s  o f  a la n in e  a c c u m u la t io n . The g i l l s  in c u b a te d  u n d e r  a e ro b ic  
c o n d i t io n s  (M-l and M-2) h a d  a  n e t  a c c u m u la tio n  o f  165 and 171$, 
r e s p e c t i v e l y .  The g i l l s  u n d e r  a n a e r o b ic  c o n d i t io n s  (M-3) has a 
low er n e t  a c c u m u la tio n  o f  91$* The g i l l s  in c u b a te d  in  18 0 /00  ASW 
u n d e r  a n a e ro b ic  c o n d i t io n s  (M-1+) h ad  a  n e t  a c c u m u la tio n  o f  9^$-
The c o n c e n t r a t io n  o f  a s p a r t i c  a c id  d e c re a s e d  f o r  th e  fo u r  
s e t s  o f  e x p e r im e n ta l  c o n d i t io n s .  F o r th e  g i l l s  in c u b a te d  under 
a e ro b ic  c o n d it io n s  (M -l and M -2 ), th e  c o n c e n t r a t io n  o f  a s p a r t i c  
a c id  d e c re a s e d  56 and 39$ , r e s p e c t i v e l y ,  w hereas  f o r  th e  g i l l s  
in c u b a te d  u n d e r a n a e ro b ic  c o n d i t io n s  (M-3 and  M -U), th e  d e c re a s e  
was 88 and 87$ , r e s p e c t i v e l y .
In  E xperim en t I I ,  th e  g i l l s  in c u b a te d  i n  31 0 /0 0  ASW 
u n d e r  a e ro b ic  c o n d i t io n s  (M-6) h a d  a  n e t  g a in  o f  a la n in e  o f  1^6$, 
w hereas th e  g i l l s  u n d e r  a n a e ro b ic  c o n d i t io n s  (M-5) had  an in c re a s e  
o f  95$ . In  each c a s e ,  th e  c o n c e n t r a t io n  o f  a s p a r t i c  a c id  d e c re a se d  
o v e r  th e  tim e  c o u rse  o f  t h e  e x p e r im e n t . The g i l l s  in c u b a te d  
u n d e r  a e ro b ic  c o n d i t io n s  (M-6) h a d  a  k0% d e c re a s e  i n  c o n c e n t ra t io n  
and th o s e  in c u b a te d  u n d e r  a n a e r o b ic  c o n d i t io n s  (M -5) h ad  a  97$ 
d e c re a s e .
The g i l l s  in c u b a te d  i n  18 0 /0 0  ASW (M-U, M-7 and M-8) 
to  s e rv e  as c o n t r o l s  f o r  a e ro b ic  and  a n a e ro b ic  c o n d i t io n s  had
d i f f e r e n t  changes i n  t h e i r  FAA p o o l .  The s e r i e s  o f  g i l l s  u n d er 
a n a e ro b ic  c o n d i t io n s  (M-4 and M -7) h ad  an in c r e a s e  in  th e  c o n c e n t r a t io n  
o f  a la n in e  w i th  t h e  c o n c o m ita n t d e c re a s e  i n  a s p a r t i c  a c id .  The 
g i l l s  in c u b a te d  u n d e r  a e r o b ic  c o n d i t io n s  (M-8) had a  d e c re a s e  o f  
55$ in  th e  c o n c e n t r a t io n  o f  a la n in e  and t h e  c o n c e n t r a t io n  o f  a s p a r t i c  
a c id  in c r e a s e d  by 52$ .
The c o n c e n t r a t io n s  o f  t a u r i n e ,  g ly c in e  and g lu ta m ic  a c i d ,  
a lth o u g h  c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  th e  t o t a l  FAA c o n c e n t r a t io n ,  
a r e  v a r i a b l e ,  g e n e r a l l y  do  n o t  change i n  any one d i r e c t i o n  o v e r  th e  
t im e  co u rse  o f  th e  e x p e r im e n t s ,  and t e n d  t o  rem ain  a t  a b o u t th e  
i n i t i a l  c o n c e n t r a t io n s .  The e x c e p t io n  t o  t h e  c a se  a re  th e  g i l l s  
in c u b a te d  a t  18 o /o o  u n d e r  a e ro b ic  c o n d i t io n s  (M-8) where th e  con­
c e n t r a t io n s  o f  a l l  th e  m a jo r  am ino a c id s  d ro p p ed  t o  l e v e l s  much 
below  th o se  a t  th e  s t a r t  o f  t h e  in c u b a t io n  p e r io d .
Phosphoenol p y r u v a te  c a r b o x y k in a s e , p y ru v a te  c a rb o x y la s e  and m a lic  
enzyme a s sa y :
T h ree  enzym es t h a t  c a t e l i z e  t h e  f i x a t i o n  o f  CC>2 w hich 
r e s u l t s  in  t h e  fo rm a tio n  o f  4 -c a rb o n  compound from  a 3 -ca rb o n  
compound a re :
1 . P h o sp h o e n o l p y r u v a te  c a rb o x y k in a s e  (EC 4 .1 .1 .  32)
PEP + COp + IDP *„ O x a lo a c e ta te  + ITP
2 . P y ru v a te  c a rb o x y la s e  (EC 6 .4 . 1 .  l )
P y ru v a te  + CO2 + ATP %  —-  O x a lo a c e ta te  + ADP + P^
3. M a lic  enzyme (EC 1 . 1 .1 .  40)
l y r u v a t e  + CO 2 + DPUr e ^ | "  Mai a te  + DPN0X
2 0
The r e s u l t s  o f  t h e  enzyme a s s a y s  a r e  sum m arized i n  T ab les
2 and 3. I n  b o th  Uya and  UeAC-2.ncUu.CL, p y ru v a te  and PEP can  s e rv e  as
C02 a c c e p to r s .  I n  U eA cen cU u d , p y ru v a te  c a rb o x y la s e  does n o t a p p e a r  
to  b e  p r e s e n t  as t h e  q u a n t i t y  o f  ^C O g f ix e d  was t h e  same w ith  o r  
w i th o u t  th e  a d d i t i o n  o f  ATP. A l l  t h r e e  enzyme sy stem s d e m o n s tra te d  
a c t i v i t y  i n  Uya g i l l  t i s s u e  h o m o g en a tes . I n  b o th  a n im a ls ,  PEP 
c a rb o x y k in a se  was th e  m ost a c t i v e  i n  t h e  f i x a t i o n  o f  -^COg and th e  
n u c le o t id e  IDP i s  m ore e f f e c t i v e  th a n  GDP o r  ADP.
The q u a n t i t y  o f  "^COg f ix e d  w ith  PEP as a  s u b s t r a t e  was
abou t th e  same f o r  b o th  Uya. and UeAcencUu.cc b u t  w ith  p y r u v a te ,  th e
q u a n t i ty  o f  ^ C O g  f ix e d  was m ore th a n  t h r e e  t im e s  a s  much w ith  th e  
Uya g i l l  t i s s u e  hom o g en a te .
An a n a ly s i s  o f  th e  FAA c o n ta in e d  i n  th e  r e a c t i o n  m ix tu re  
a f t e r  ^C O g f i x a t i o n  r e v e a le d  t h a t  a s p a r t a t e ,  a la n in e  and g lu ta m a te  
w ere th e  o n ly  -^ C -a m in o  a c id s  p ro d u c e d . In  b o th  Uya and UeAce.ncUu,a, 
a s p a r t a t e  was t h e  m a jo r  end p r o d u c t  a c c o u n tin g  f o r  50% o r  more o f  
th e  ^C O g f ix e d  i n  t h e  PEP c a rb o x y k in a s e  and p y ru v a te  c a rb o x y la s e  
r e a c t io n s  and  fro m  ll+ -  22% i n  t h e  m a lic  enzyme r e a c t i o n .  ^ C -  
a la n in e  was d e t e c t e d  o n ly  i n  t h e  Uya g i l l  t i s s u e s  hom ogenates w hereas  
■ ^ C -g lu tam ic  a c i d  was found  i n  b o th  t h e  Uya and UeACtnaAla. g i l l  
t i s s u e  h o m o g en a tes .
A s p a r t a t e - ^ C  s t u d i e s :
The r e s u l t s  o b ta in e d  from  e x p e r im e n ts  w ith  g i l l  t i s s u e  o f  
Uya aAencuUa, UeAjc.encuu.a m eAcenaAla  and  S p iA u ta  A o iM tiA A m a  in c u b a te d
i n  ASW w ith  a s p a r t a t e - U - ^ C  a re  sum m arized i n  T a b le s  1 1 , 12 and 1 3 , 
r e s p e c t i v e l y .  The u p ta k e  o f  a s p a r ta te -U -^ ^ C  d u r in g  th e  f i r s t  h o u r  
o f  in c u b a t io n  a t  a c c l im a t io n  s a l i n i t i e s  was 0 .2 9 0  nM/mg d ry  t i s s u e  
f o r  Uya, 0 .3 0 7  nM/mg d ry  t i s s u e  f o r  UeAce.na'u.a and  0 .0 ^ 8  nM/mg d ry  
t i s s u e  f o r  Sp<U>uZa u n d e r  a n a e ro b ic  c o n d i t io n s  was 0 .0 2 7  nM/mg d ry  
t i s s u e  a t  21 0 /0 0 and 0 .0 2 3  nM/mg d ry  t i s s u e  a t  3^ 0 /0 0 s a l i n i t y .
U nder in c u b a t io n  c o n d i t io n s  o f  in c r e a s e d  s a l i n i t y  th e  u p ta k e  was 
0 .1 1 7  nM/mg d ry  t i s s u e  f o r  Uya, 0 .1 7 1  nM/mg d ry  t i s s u e  f o r  UeAcenatia  
and  0 .0 3 3  nM/mg d ry  t i s s u e  f o r  Spi&uLa.
I n  th e  g i l l  t i s s u e  e th a n o l  e x t r a c t s  o f  th e  t h r e e  b iv a lv e s  
u s e d ,  r a d i o a c t i v i t y  was d e te c te d  i n  g lu ta m a te ,  a s p a r t a t e ,  a la n in e  
and some K rebs C y c le  i n te r m e d ia t e s .  S in c e  t h e  r a t e s  o f  a s p a r ta te -^ -^ C  
u p ta k e  by  th e  g i l l  t i s s u e  v a r i e d  a c c o rd in g  t o  e x p e r im e n ta l  c o n d i t io n s  
and  s in c e  th e  s p e c i f i c  a c t i v i t i e s  o f  th e  a s p a r t a t e  i s o to p e s  u s e d  w ere 
d i f f e r e n t ,  i t  was f e l t  t h a t  th e  m ost e f f e c t i v e  way t o  p r e s e n t  th e  
d a ta  f o r  i n t e r p r e t a t i o n  w ould  be i n  a  form  t h a t  w ould  b e  in d e p e n d e n t 
o f  su c h  v a r i a b l e s .  T h e r e f o r e ,  th e  q u a n t i ty  o f  r a d i o a c t i v i t y  in  
th e  " ^ C - la b e le d  compounds a re  a l s o  e x p re s s e d  i n  te rm s  o f  th e  p e r ­
c e n ta g e  o f  th e  a s p a r t a t e - ^ C  ta k e n  up  by th e  g i l l  t i s s u e  f o r  t h a t  
p a r t i c u l a r  e x p e r im e n ta l  c o n d i t io n  and  h e n c e f o r th  w i l l  b e  r e f e r r e d  
t o  as " p e r c e n ta g e  u p ta k e " .  In  Uya, t h e  q u a n t i t y  o f  ^ C - a l a n i n e ,  
e x p re s s e d  a s  a  p e r c e n ta g e  o f  t h e  a s p a r t a t e  u p ta k e  f o r  t h e  f i r s t  
h o u r  o f  in c u b a t io n  was 8.2% a t  18 0 /0 0 and 2 5 -9  a t  30 0 /0 0 s a l i n i t y ;  
i n  UvtaznaftLa, 0 . 6 % a t  18 0 /0 0 and 9>2% a t  30 0 /0 0 s a l i n i t y ;  i n  
Sp-iAuJta, 6 . 7% a t  21 0 /0 0 and 2 6 . 2% a t  3^ 0 /0 0 s a l i n i t y .  The p e rc e n ta g e
u p ta k e  a s  a la n in e  i n  g i l l  t i s s u e s  o f  SpZ&uZa in c u b a te d  u n d e r a n a e ro b ic  
c o n d i t io n s  was 11.1% a t  21 o /o o  an d  22.3% a t  3^ o /o o  s a l i n i t y .
The p e rc e n ta g e  u p ta k e  as  g lu ta m ic  a c id  i n  g i l l  t i s s u e  o f
Uya a f t e r  th e  f i r s t  h o u r  o f  in c u b a t io n  was l k . 9 %  a t  18 o /o o  and
12.9% a t  30 o /o o  s a l i n i t y ;  i n  U<LKa<LVWJiLa, 8.1% a t  18 o /o o  and 5.9% 
a t  30 o /o o  s a l i n i t y ;  in  SpZbuZa, 13.^%  a t  21 o /o o  and  8.2% a t  3^ o /o o  
s a l i n i t y .  The p e rc e n ta g e  u p ta k e  a s  g lu ta m ic  a c id  i n  g i l l  t i s s u e  o f  
SpZiuZa in c u b a te d  u n d e r  a n a e r o b ic  c o n d i t io n s  was 2.7% a t  21 o /o o  
and 1.9% a t  3^ - o /o o  s a l i n i t y .
The p e rc e n ta g e  u p ta k e  a s  a s p a r t i c  a c id  in  g i l l  t i s s u e  o f
Uya a f t e r  th e  f i r s t  h o u r  o f  in c u b a t io n  was 20.6% a t  18 o /o o  and
1 6 . 5% a t  30 0 /00  s a l i n i t y ;  i n  UgAcznatvca, 32.2% a t  18 0 /0 0  and
2 6 . 8% a t  30 0 /0 0  s a l i n i t y ;  i n  SpZ&uZa, 6 3 . 8% a t  21 0 /0 0  and 37-3%
a t  3^ 0 /0 0  s a l i n i t y .  The p e rc e n ta g e  u p ta k e  as a s p a r t i c  a c id  i n  
g i l l  t i s s u e  o f  SpZiuZa i n c u b a te d  u n d e r  a n a e ro b ic  c o n d it io n s  was
50.2% a t  21 0 /0 0  and 32.*1% a t  3l+ 0 /0 0  s a l i n i t y .
The p e rc e n ta g e  u p ta k e  a s  th e  e th a n o l  i n s o lu b le  f r a c t i o n  
i n  g i l l  t i s s u e  o f  Uya ra n g e d  from  2 .6  t o  3-3%, i n  UeACtnaAZa, from
2 .h  t o  U.6% and i n  SpZsuZa, from  3 .^  t o  8.1% .
The p e rc e n ta g e  u p ta k e  as  th e  f u m a r a te - s u c c in a te  f r a c t i o n  
i n  g i l l  t i s s u e  o f  SpZiuZa in c u b a te d  u n d e r  a n a e ro b ic  c o n d it io n s  was 
21.2% a t  21 0 /0 0  and 23.7% a t  3^ 0 /0 0  s a l i n i t y .  U nder a e ro b ic  
c o n d i t io n s ,  th e  p e rc e n ta g e  u p ta k e  as  th e  f u m a r a te - s u c c in a te  f r a c t i o n  
was l.U% a t  21 0 /0 0  and b.1%  a t  3^ 0 /0 0  s a l i n i t y .
The p e rc e n ta g e  u p ta k e  as K rebs C ycle in te r m e d ia te s  and  
k e to  a c id s  was v a r i a b l e  be tw een  th e  t h r e e  b iv a lv e s  u sed  and  th e  
in c u b a t io n  c o n d i t io n s .  The d a ta  i s  p r e s e n te d  i n  T a b les  1 1 , 12 
and  13-
T a b le  lU sum m arizes th e  d a ta  from  t h e  a n a ly s i s  o f  My a  
and  MeJice.no/Lia. g i l l  t i s s u e  in c u b a te d  i n  ASW w ith  A sp a rta te -U -^ -^ C .
The u p ta k e  o f  a s p a r t a t e  i n  g i l l  t i s s u e  o f  Mya  was 1+.10 nM/mg d ry  
t i s s u e  a t  18  0 / 0 0 , 3 .0 7  nM/mg d ry  t i s s u e  a t  31 0 /0 0  and 3 .6 9  nM/mg 
d ry  t i s s u e  a t  9 0 /0 0  s a l i n i t y .  I n  M&SicenaAXa, t h e  u p ta k e  was 6 .8 6  
nM/mg d ry  t i s s u e  a t  18 0 / 0 0 , k . 9 9  nM/mg d ry  t i s s u e  a t  29 0 /0 0  and 
6 .0 6  nM/mg d ry  t i s s u e  a t  8 0 /0 0  s a l i n i t y .
I n  an a n a ly s i s  o f  th e  e th a n o l  e x t r a c t  o f  th e  g i l l  t i s s u e  
from  b o th  a n im a ls  a f t e r  i n c u b a t io n ,  r a d i o a c t i v i t y  was d e t e c t e d  in  
some K rebs C ycle  i n t e r m e d ia t e s ,  k e to  a c id s ,  a s p a r t a t e ,  g lu ta m a te  
and  a l a n i n e .  The p e rc e n ta g e  u p ta k e  as "^COg e v o lv e d  i n  g i l l  t i s s u e  
o f  Mya was 9-^% a t  18 0 / 0 0 , 15.8% a t  31 0 /0 0  and  1 0 .9 $  a t  9 0 /0 0  
s a l i n i t y ;  i n  MeACCnaJtia, 1 0 .5 $  a t  18 0 / 0 0 , 13.0%  a t  29 0 /0 0  an d  
8.9% a t  8 0 /0 0  s a l i n i t y .
The p e rc e n ta g e  u p ta k e  as a la n in e  in  g i l l  t i s s u e  o f  Mya 
was 0.8%  a t  18 0 / 0 0 , U.9% a t  31 0 /0 0  and 0.6% a t  9 0 /0 0  s a l i n i t y ;  
i n  MeACCnaJvia, 0.1% a t  18 0 / 0 0 , 0.7% a t  29 0 /0 0  and 0.0% a t  8 0 /0 0  
s a l i n i t y .
The p e rc e n ta g e  u p ta k e  as g lu ta m ic  a c id  i n  g i l l  t i s s u e  o f  
Mya  was 2.8% a t  18 0 / 0 0 , 2.1% a t  31 0 /0 0  and  3.3% a t  9 0 /0 0  s a l i n i t y  
i n  MeACCnaJbLa, 0.8% a t  18 0 / 0 0 , 0 . 5% a t  29 0 /0 0  and  0.7% a t  8 0 /0 0  
s a l i n i t y .
The p e rc e n ta g e  u p ta k e  as a s p a r t i c  a c id  i n  g i l l  t i s s u e  o f  
Mya  was 30.0% a t  18 o /o o ,  21.9% a t  31 o/'oo and  1+6.5% a t  9 o /o o  
s a l i n i t y ;  i n  MeAccnaA ia, 51-5% a t  18 o /o o ,  l+l+.5% a t  29 o /o o  and  
66.7% a t  8 o /o o  s a l i n i t y .
The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  K rebs C ycle  i n t e r ­
m e d ia te s  and k e to  a c id s  i n  t h e  g i l l  t i s s u e  o f  Mya and  M eActnaAia  
u n d e r  th e  e x p e r im e n ta l  c o n d i t io n s  u s e d  r a n g e d  from  0 .1  t o  2.2% 
o f  th e  a s p a r t a t e  u p ta k e .
The p e rc e n ta g e  u p ta k e  as t h e  e th a n o l  i n s o l u b l e  f r a c t i o n  
i n  g i l l  t i s s u e  o f  Mya  was 55*0% a t  18 o /o o ,  53.0% a t  31 o /o o  and 
37.0% a t  9 o /o o  s a l i n i t y ;  i n  M&hsiznaAAja, 3l+.9% a t  18 o /o o ,  37-9% 
a t  29 o /o o  and  21.8% a t  8 o /o o  s a l i n i t y .
T ab le  15 sum m arizes th e  r e s u l t s  o b ta in e d  from  th e  a n a ly s i s  
o f  Mya g i l l  t i s s u e  in c u b a te d  i n  ASW u n d e r  a e r o b ic  o r  a n a e ro b ic  
c o n d i t io n s  w ith  a sp a r ta te - l--* -^ C  o r  a s p a r t a t e - l + - ^ C . The u p ta k e  o f  
a s p a r t a t e  was 6.5*+ t o  7*79 nM/mg d ry  t i s s u e  u n d e r  a e r o b ic  c o n d i t io n s  
and 2 .2 7  to  2 .6 2  nM/mg d ry  t i s s u e  u n d e r  a n a e ro b ic  c o n d i t io n s .  The 
p e rc e n ta g e  u p ta k e  as -*-^C02 w ith  asparta te -l+ --l-^C  as  a  s u b s t r a t e  was 
13.3% and 8.2% w ith  a s p a r t a t e - l - ^ C .  U nder a n a e ro b ic  in c u b a t io n s  
t h e  p e rc e n ta g e  u p ta k e  as  was l+.3% w ith  a s p a r t a t e - l - ^ C  and
7.1+% w ith  a s p a r ta te - l |~ - ^ C .
The p e rc e n ta g e  u p ta k e  as a s p a r t i c  a c id  ra n g e d  from  6 8 .5  
t o  71.8% f o r  b o th  i s o to p e s  u n d e r  a e r o b ic  and  a n a e ro b ic  c o n d i t io n s .  
The p e rc e n ta g e  u p ta k e  as  g lu ta m ic  a c id  w ith  a s p a r t a t e - l - ^ ^ C  a s  a  
s u b s t r a t e  was 2.1% u n d e r  a e ro b ic  c o n d i t io n s  and 0.6% u n d e r  a n a e ro b ic
c o n d i t io n s .  W ith a s p a r t a t e - W ^ C ,  th e  p e rc e n ta g e  u p ta k e  a s  g lu ta m ic  
a c id  was 6 .6 $  u n d e r  a e r o b ic  c o n d i t io n s  and 0.9% u n d e r  a n a e r o b ic  
c o n d i t i o n s .
The p e rc e n ta g e  u p ta k e  as  a la n in e  w i th  a s p a r t a t e - l - ^ C  
as a  s u b s t r a t e  was J.6% u n d e r  a e ro b ic  c o n d it io n s  and 3 .2 $  u n d e r  
a n a e ro b ic  c o n d i t io n s .  W ith asparta te-H --* -^C , th e  p e rc e n ta g e  u p ta k e  
as a l a n in e  was 1 .5 $  u n d e r  a e ro b ic  c o n d it io n s  and 1 .8 $  u n d e r  a n a e ro b ic  
c o n d i t io n s .  The c o n c e n t r a t io n  o f  a la n in e  i n  th e  g i l l  t i s s u e  was 
a p p ro x im a te ly  2U$ h ig h e r  u n d e r  a n a e ro b ic  c o n d i t io n s  as  com pared 
to  a e r o b ic  c o n d i t io n s .  The s p e c i f i c  a c t i v i t y  o f  a la n in e  w i th  
a s p a r t a t e - l - ^ C  as a  s u b s t r a t e  was 6 .5  DPM/nM u n d e r  a e ro b ic  con ­
d i t i o n s  and 0 .8  DPM/nM u n d e r  a n a e ro b ic  c o n d i t io n s .  W ith a s p a r t a t e -  
1+--^C as a  s u b s t r a t e ,  t h e  s p e c i f i c  a c t i v i t y  o f  a la n in e  was l+ .l 
DPM/nM u n d e r  a e r o b ic  c o n d i t io n s  and 1.1+ DPM/nM u n d e r  a n a e r o b ic  
c o n d i t i o n s .
tL
The s p e c i f i c  a c t i v i t y  o f  g lu ta m ic  a c id  w i th  a s p a r t a t e - 1 -  C 
as a  s u b s t r a t e  was 6 .8  DPM/nM u n d e r  a e ro b ic  c o n d i t io n s  and 0 .8  
DPM/nM u n d e r  a n a e ro b ic  c o n d i t io n s .  W ith aspartate-l+-"*"^C as  a  
s u b s t r a t e ,  th e  s p e c i f i c  a c t i v i t y  o f  g lu ta m ic  a c id  was 1+5.2 DPM/nM 
u n d e r  a e ro b ic  c o n d i t io n s  and  2 .3  DPM/nM u n d e r  a n a e ro b ic  c o n d i t io n s .
The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  in  K rebs C ycle  i n t e r ­
m e d ia te s  an d  k e to  a c id s  d id  n o t  v a ry  g r e a t ly  u n d e r  a e r o b ic  o r  
a n a e ro b ic  in c u b a t io n  c o n d i t io n s  e x c e p t f o r  th e  f u m a r a te - s u c c in a te  
f r a c t i o n .  The p e rc e n ta g e  u p ta k e  as f u m a r a te - s u c c in a te  w i th
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a s p a r t a t e - l - ^ C  as a  s u b s t r a t e  was 1 1 .0 $  u n d e r  a n a e ro b ic  c o n d it io n s  
and  0.k% u n d e r  a e ro b ic  c o n d i t io n s .  W ith a s p a r t a t e - ^ - 1^ , th e  
p e rc e n ta g e  u p ta k e  as f u m a r a te - s u c c in a te  was 1 1 .8 $  u n d e r  a n a e ro b ic  
c o n d i t io n s  and 1 .1 $  u n d e r a e ro b ic  c o n d i t io n s .
The p e rc e n ta g e  u p ta k e  as t h e  e th a n o l  i n s o lu b le  f r a c t i o n  
ra n g e d  from  6 .1  t o  7 -3 $  f o r  b o th  i s o t o p e s  and f o r  b o th  a e ro b ic  and 
a n a e ro b ic  in c u b a t io n  c o n d i t io n s .
T able  16 sum m arizes t h e  r e s u l t s  o b ta in e d  from  th e  a n a ly s i s  
o f  MeAc&ncwLa g i l l  t i s s u e  in c u b a te d  i n  ASW u n d e r  a e ro b ic  and a n a e ro b ic  
c o n d i t io n s  w ith  a s p a r t a t e - l - - ^ C .  The u p ta k e  o f  a s p a r t a t e  was 8 .0 9  
to  8 .2 9  nM/mg d ry  t i s s u e  u n d e r  a e ro b ic  c o n d i t io n s  and 3 .5 6  to  3 .3 8  
nM/mg d ry  t i s s u e  u n d e r a n a e ro b ic  c o n d i t i o n s .  The p e rc e n ta g e  u p ta k e  
as -^C02 e v o lv e d  u n d e r  a e ro b ic  c o n d i t io n s  w i th  a s p a r t a t e - l - - ^ C  as 
a s u b s t r a t e  was 3 .3 $  and 1 2 .6 $  w i th  a s p a r t a t e - k - l ^ C  a s  a  s u b s t r a t e .  
U nder a n a e ro b ic  c o n d i t i o n s , th e  p e rc e n ta g e  u p ta k e  as -^COg e v o lv e d  
was 1 .3 $  w ith  a s p a r t a t e - l - ^ C  as  a  s u b s t r a t e  and  5 .0 $  w ith  
aspartate-U --*-^C  as a  s u b s t r a t e .
The p e rc e n ta g e  u p ta k e  as a s p a r t i c  a c id  was from  71-8  
to  7 8 .2 $  f o r  b o th  i s o to p e s  u n d e r  a e r o b ic  and a n a e ro b ic  c o n d i t io n s .
The p e rc e n ta g e  u p ta k e  as g lu ta m ic  a c id  w ith  a s p a r t a t e - l - ^ C  as a 
s u b s t r a t e  was 0 .6 $  u n d e r  a e ro b ic  c o n d i t io n s  a n d  0 .3  u n d e r  a n a e ro b ic  
c o n d i t io n s .  W ith a s p a r t a t e - V - ^ C , t h e  p e rc e n ta g e  u p ta k e  as g lu ta m ic  
a c id  was 2 .0 $  u n d e r  a e ro b ic  c o n d i t io n s  and 0 .8 $  u n d e r  a n a e ro b ic  
c o n d i t i o n s .
The p e rc e n ta g e  u p ta k e  as a la n in e  w i th  a s p a r t a t e - l - ^ C  
as  a  s u b s t r a t e  was 0.5%  u n d e r  a e ro b ic  c o n d i t io n s  and 0 .6  u n d e r  
a n a e ro b ic  c o n d i t io n s .  The s p e c i f i c  a c t i v i t y  o f  a la n in e  was 1 3 .0  
DPM/nM u n d e r  a e ro b ic  c o n d i t io n s  and 3 .8  DPM/nM u n d e r  a n a e ro b ic  
c o n d i t io n s .  W ith a s p a r t a t e - U - ^ C ,  th e  p e rc e n ta g e  u p ta k e  a s  a la n in e  
was 0.2% u n d e r  a e r o b ic  c o n d i t io n s  and  0.3% u n d e r  a n a e ro b ic  c o n d i t io n s .  
The s p e c i f i c  a c t i v i t y  o f  a la n in e  u n d e r  a e ro b ic  c o n d i t io n s  was lU .O  
DPM/nM and 5 -0  DPM/nM u n d e r  a n a e ro b ic  c o n d i t io n s .
The s p e c i f i c  a c t i v i t y  o f  g lu ta m ic  a c id  w i th  a s p a r t a t e - l - ^ C  
as a  s u b s t r a t e  was 3 .8  DPM/nM u n d e r  a e ro b ic  c o n d i t io n s  and 0 .6  
DPM/nM u n d e r  a n a e ro b ic  c o n d i t io n s .  W ith a s p a r t a t e - ^ - - ^ C , th e  s p e c i f i c  
a c t i v i t y  o f  g lu ta m ic  a c id  was 2 9 .0  DPM/nM u n d e r  a e ro b ic  c o n d i t io n s  
and 6 .0  DPM/nM u n d e r  a n a e ro b ic  c o n d i t io n s .
The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  in  K rebs C ycle  i n t e r ­
m e d ia te s  and k e to  a c id s  d id  n o t  v a ry  g r e a t l y  b e tw een  a e ro b ic  and 
a n a e ro b ic  c o n d i t io n s  e x c e p t  f o r  t h e  f u m a r a te - s u c c in a te  f r a c t i o n .
The p e rc e n ta g e  u p ta k e  as f u m a r a te - s u c c in a te  w ith  a s p a r t a t e - l - ^ C  
as a  s u b s t r a t e  was 0.2%  u n d e r  a e ro b ic  c o n d i t io n s  and 8.5% u n d e r 
a n a e ro b ic  c o n d i t io n s .  W ith  a s p a r t a t e - ^ - l^ C  a s  a  s u b s t r a t e ,  th e  
p e rc e n ta g e  u p ta k e  as f u m a r a te - s u c c in a te  was 0.5% u n d e r  a e ro b ic  
c o n d i t io n s  and 5*7% u n d e r  a n a e ro b ic  c o n d i t io n s .
The p e rc e n ta g e  u p ta k e  as th e  e th a n o l  i n s o l u b l e  f r a c t i o n  
ra n g e d  from  h .J  t o  11.2%  f o r  b o th  i s o to p e s  and f o r  a e ro b ic  and 
a n a e ro b ic  c o n d i t io n s .
Sodium  C i t r a t e  B u f f e r  
pH 2 .8 7 5  -  5 -000
 ------------------ : Sam ple
v
Io n  Exchange Column 
T e c h n ic o n  Type-B  r e s i n
>  T e le ty p e  
P r in to u t
v
T e c h n ic o n  Amino A cid  
A uto A n a ly z e r
F ig .  1 . G e n e ra l iz e d  scheme o f  sam p le  a n a l y s i s .
A n th ra c e n e  Flow C e l l
Beckman LS-150 ___
L iq u id  S c i n t i l l a t i o n  S ystem
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A n i m a l  H e r  i n i a t  i o n  
n.n«i
K x i x ' r i i i . e n t  m  C o n d i t i o n
I r u ' u b a l .  i o n  
T i m e  
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h M  p e r  in; : d r y  v t r U - h t
•H
r i  4 > c  
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T i  r . n u o  
W a t e r  
C o n t e n t  
( ? )
0 1 3 7 . 5 3 3 1 . 5 5 6 . 9 6 5 . 1 i n .  2 7 9 8 . 7 8 1 ) .  0
? 1 6 ) . .  2 3 7 8 . 1 7 8 . 3 1) 0 . 0 7 1 1 ) .  3 9 8 .1 . 8 7 8 . 9
I. 1 1 6 . 0 3 0 0 . 8 5 1 . 8 ? * ) . ! ) 7 2 5 . 5 8 1 ) 0 . 2 8 0 . 7
M - l ,  M - S 0 . 8 9
6 2 0 2 . 1 3 )1 8 . 6 6 1 . 2 2 8 . 6 7 9 ’) . 1) 1 0 3 7 . 1 ) 8 1 . 0
3 1  o / o n  ASW
A e r o b i c  C o n d i t i o n s
0 2 0 9 . 0 3 0 3 . 1 ) 5 5 . 0 6 9 . 6 9 * ) . 6 8 3 7 . 6 -
2 2 2 6 . 1 3 l t 8 . 5 7 6 . 7 5 * ) . 2 1 9 1 . 9 1 0 1 ) 8 . 7 -
0 . 9 0
h 1 0 7 . 8 3 3 1 . 8 6 3 . 1 . 1) 2 . 8 1 9 1 . 8 9 5 1 . 1 ) -
6 1 9 6 . 8 3 6 1 . 1 5 9 .  *) 1) 2 . 6 " ' 5 6 . 5 1 0 5 2 . 1 -
0 1 7 3 . 0 2 8 0 . 1) 6 9 . 6 6 9 . 6 1 3 3 . 0 8 5 1 . 7 8 l i . l
M - 3
2 1 5 6 . 1 ? 7 l ) . 2 6 6 . 3 1 7 - 0 2 0 6 . 3 8 2 8 . 1 8 0 . 0
3 1  c i / o o  A s v ; 0 . 9 7
h 1 5 9 . 8 2 7 7 . 1 ) 6 0 . 3 1 0 . 1 2 1 ) 1 . 6 7 9 9 . 2 7 9 - 1 )
A n a e r o b i c  C o n d i t i o n s
6 1 7 0 . 1 2 8 9 . 7 6 2 . 0 8 . 5 ? 5 * ) . 0 8 5 7 . 5 8 0 . 2
0 1 1 .1 . 1 3 3 2 . 3 5 7 . 1 6 9 . 8 1 0 0 . 6 8 0 5 . 0 8 3 . 5
2 1 3 9 . 0 3 1 9 - 0 5 1 . 7 ? 1 | . 0 1 5 2 . 2 8 0 0 . 6 8 2 . 1)
o . / t j - i  ASW 0 . 9 7
1* 1 2 1 . 5 3 2 9 . 6 5 1 . 1 ) 1 5 . 6 1 6 8 . 6 7 9 9 . 2 8 2 . 1
A n a e r o b i c  C o n d i  t . i o n r ,
6 1 5 7 - 9 3 3 1 . 1 5 0 . 1 ) 9 - 6 1 9 . 5 - 9 8 5 1 . 5 8 1 . 7
0 1 6 5 . 1 3 3 1 . 3 5 1 . 7 3 6 . 6 1 1 1  . 1 8 1 ) 7 . 1 ) 8 1 ) . 1
M -  ‘3
b 1 5 8 . 7 3 1 9 . 1 5 1 . 8 2 7 - 2 2 1 2 . l i 9 2 5 - 2 7 9 - 2
3 1  o / o u  ASW 0 . 9 9
8 1 6 0 . 5 3 6 0 . 7 5 3 . 1 1 9 . 2 3 0 * ) .  3 1 0 6 I1 . 8 8 1 . 3
A e r o b i c  C o n d i t i o n s
1 2 1 5 8 . 5 3 1 2 . 5 5 0 . * ) 2 2 . 1 2 7 3 . 6 9 1 ) 9 . 6 8 0 . 2
0 1 7 9 . 8 1 5 9 . 5 1 ) 7 . 9 1 ) 7 . 7 9 3 . 2 9 6 1 . 5 8 3 . 1)
M- 6
b 1 7 5 - 5 li 1 ) 9 . 9 l i l  . 1 8 . I 1 1 6 6 . 6 1 0 0 6 . 2 7 9 - 3
3 1  o / o o  AC' , ; 0 . 5 8
8 1 3 7 - 9 3 6 6 . 1 . 3 1 . 6 3 . 9 .1 6 3 . 8 8 3 9 . 9 O o . o
A n a e r o b i c  C o n d i  t i o n s
1 2 1 5 0 . 3 3 7 9 . 9 3 6 . 8 2 . 7 1 8 5 . 2 8 8 5 . 1 7 9 . 2
M -  7
0 1 7 3 . 9 3 0 5 - 5 1 ) 7 . 1 3 5 . 0 1 0 3 . 1 8 1 ) 7 . 6 8 3 .  3
b 1 3 6 . 7 2 3 6 . 9 3 7 . 2 1) 1) .  1) 6 0 . 2 6 1 ) 5 . 1 ) 8 3 . 1
1 8  o / o o  ASW 0 . 9 6
8 1 3 0 . 6 2 3 2 . 5 3 9 . 9 1 ) 8 . 7 5 6 . 6 6 7 0 . 0 8 3 - 8
A e r o b i c  C o n d i t i o n s
1 2 1 1 7 . 7 2 0 1) .  8 3 8 . 5 5 3 . 5 1: 6 . 1 5 7 1 ) .  7 8 3 . 9
0 1 0 9 . 3 3 5 ' t . l 1) 2 . 1 2 7 . 5 1 1 7 . 0 7 6 9 . 1 8 1 ) .  2
M - 0
u 1 1 1 . 7 3 1 ) 3 . 3 3 2 . 7 1 * > . 5 1 2 6 . 5 7 7 1 . 3 8 2 . 3
1 8  o / o o  ASW 0 . 9 3
8 1 0 7 . 7 3 * 1 7 . 8 3 7 . 2 9 . 9 1 * > 5 . 3 8 1 9 . 2 8 2 . 7
A r . a e r o b i c  C o n d i t i o n . ;
1 2 1 0 7 . 1 3 3 8 . 0 3 8 . 3 8 . 3 1 1 ) 6 . 3 7 9 6 . 3 8 2 . 1
I r a , i , .  I ,  l y . v f O n  o s  s e  l ‘ * f  b ; , 1 r 'A A  i n  l s n l n t ' * d ( / i l l  t i e . ; u «j  o l ' M / / a  r t /K>i !(X1 O')1 i n c u t  a t , e d  i n  n r - u n c i a l  3< . •a  w a t e r .
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ALANINE AMINOTRANSFERASE
X SD X SD X SD
0 11 8.18 1 .0 1 3 2 .38 2 .99 1 0 . 9U 1 .35
28 8 13-37 0 . 1*1 It It. 19 1 .35 1 9 .1 6 0 .59
lf2 8 1 1 .69 0 .2 1 1*0 .1 6 0 .7 2 l6.1t9 0 .2 9
66 8 9 -79 0 .2 7 32.1*1* 0 .8 9 li t .  10 0 .3 8
90 8 9 .8 8 0 . 1*0 31 .00 1 .25 l i t .  50 0 .5 8
138 8 11.90 0 .2 5 32 .23 0 .8 1 li t .  06 0 .3 6
ASPARTATE AMINOTRANSFERASE
X SD X SD X SD
0 11 5.39 0 .3 2 21 .33 1 .2 6 7 .8 1 0.1*3
28 8 6 .16 0 .2 2 20.36 0 .7 3 8 .8 3 0 .3 1
1*2 8 5 .91 0 .13 20.30 0 . 1*1* 8 .3 3 0 .18
66 8 5 .73 0 .1 5 1 8 .9 9 0 .5 0 8 .2 1 0 .21
90 . 8 5 .52 O.lU 1 7 .32 O.ltl* 8 .10 0.20
138 8 5.73 0 . 2lt 18 .56 0 .7 8 8 .2 9 0.3l*
Table It. A spartate and a lan in e  am inotransferase a c t i v i t i e s  in  g i l l  t i s s u e  
o f  Mija. aAencVujx p r io r  to  and a f te r  a tr a n s fe r  from 2 0 .6  to  30 .6  
s a l i n i t y .  A c t iv i t ie s  are expressed  as th e  mean (X) and standard  
d e v ia t io n  (SD) o f  micromoles o f  su b s tra te  transam inated  per m inute.
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Time 
(h r s )
N p er  mg w et 
w eight xl0~3
per mg dry 
w eight xlO- ^
per mg 
w ater
t i s s u e
xlO -3
ALANINE AMINOTRANSFERASE
X SD X SD X SD
0 8 7. 6b 0 .6 6 31*. 37 2 .76 9.82 0 .85
9 1* 8.80 0 .3 6 32.1*5 1 .3 2 12 .07 0.1*9
15 1* 7 .7 1 0 .5 1 25 .58 1 .6 9 11.03 0 .7 3
33 1* 6 .9 3 0 .5 7 23.11* 1 .0 9 9 .8 9 0 .8 1
58 b 8 .1 3 0 .2 1 27 .12 0 .7 0 11.60 0 .30
82 b 8 .2 3 0 .8 0 29 .83 2 .8 8 11. 1*6 1 .10
130 k 9 .1 0 0 .8 3 32.1*9 2 .9 6 12.63 1 .15
ASPARTATE AMINOTRANSFERASE
X SD X SD X SD
0 8 3 .59 0 .2 0 17-77 0 .8 9 5 .08 0 .26
9 b It. 31* 0 .0 5 16 .0 1 0 .18 5.95 0 .07
15 b 3 .71 0 .2 9 1 2 .31 0 .9 6 5-31 0 . 1*1
33 b 3 .2 9 0 .0 9 1 0 .98 0 .3 0 1*. 69 0.13
58 b 3 .8 8 0 .0 7 12.91* 0 .2 3 5.51* 0 .09
82 b 3.1*7 0 .10 12 .50 0 .36 1*. 80 O.ll*
130 b 3.61* 0 .2 1 1 2 .99 0 .7 5 5.05 0 .29
Table 5- A spartate and a la n in e  a m in otran sferase  a c t i v i t i e s  in  g i l l  t i s s u e  o f  
MZAcenaAla meAc.znaA.La p r io r  to  and a f t e r  a tr a n s fe r  from 2CL3 to  
31.1* o /oo  s a l i n i t y .  A c t iv i t i e s  are exp ressed  as th e  mean (X) and 
standard d e v ia t io n  (SD) o f  m icrom oles o f  su b s tra te  transam inated  
per m inute.
Time 
(h r s )








t i s s u e
x l0 “ 3
ALANINE AMINOTRANSFERASE
X SD X SD X SD
0 3 9.1t0 0 .5 5 55 .13 3 .22 1 1 .3 3 0 .66
It 3 1 0 .9 3 l . l t 2 58.82 it .61* 13.1*2 1 .75
lU 3 1 3 .86 1 .0 7 65 .71 5 .07 1 7 .56 1 .35
2lt 3 12 .05 0 . 1* It 56.59 2 .06 15-30 0 .56
U8 3 12.15 0 .5 3 57 .31 2.1*9 15.1*1 0 .67
T2 3 1 3 .58 1.1*3 67 .56 7 .71 1 6 .99 1 .7 9
96 3 12 .18 0 .8 6 6 1 .23 1*. 32 15 .20 1 .0 7
120 3 12.0lt 0.1*1 6o.oi* 2.0l* 15 .06 0 .5 1
lit  It 3 12.2lt O .ltl 58 .20 2 .05 15 .30 0 .5 1
ASPARTATE AMINOTRANSFERASE
X SD X SD X SD
0 3 8 .6 8 0.3l* 50.91 1 .99 1 0 . 1*6 0.1*1
It 3 9 .0 0 0 .7 0 1*8.1*3 3 .72 11 .05 0 .8 6
Ik 3 11.1*9 0 .5 2 5U. 1*7 2.1*6 ll*. 56 0 .66
2h 3 10 .77 0 .3 6 50 .58 1 .69 1 3 .6 8 0.1*6
lt8 3 , 9 .3 6 0 .5 8 1*1*. lit 2 .71* 1 1 .87 0 .7 3
72 3 9.1*7 0.1*1* 1*7.11 2 .19 11 .85 0. 55
96 3 9 .8 6 0 .6 l 50 .87 3 .07 12 .30 0 .76
120 3 9 .9 6 0 .6 2 1*8.67 3.09 12.1*5 0 .77
lit U 3 9 .8 8 0 .6 3 1*8.1*0 3.15 1 2 .35 0 .79
Table 6 . A sp arta te  and a la n in e  am inotran sferase a c t i v i t i e s  in  g i l l  t i s s u e  
o f  SpZ&uZa. AoiAjcLiiiima p r io r  to  and a f t e r  a tr a n s fe r  from 21 . 
to  3 3 .2  o /o o  s a l i n i t y .  A c t iv i t ie s  are expressed  as th e  mean (X) 
and standard d e v ia t io n  (SD) o f  micromoles o f  su b s tr a te  tr a n s -  






(h r s ) A fte r  T ran sfer  
66 90 138 186
C y ste ic  A cid 1 9 .3 2 2 .0 2 0 .5 1 9 .2 1 7 .1 2 1 .2 20 .0
Taurine 8 2 .2 8 9 .7 8 6 .2 6 l . l 6 7 .5 8 2 .4 9 7 .6
A sp a rtic  A cid 5 5 .8 1 9 .8 1 4 .7 1 7 . u 1 3 .2 l i t .  5 24 .0
Glutam ic A cid 48-3 59 .4 51 .6 4 7 .6 5 4 .3 5 4 .2 57 .8
Ser in e 1 1 .3 1 8 .6 1 5 .4 1 8 .9 2 4 .8 2 4 .3 2 3 .1
Threonine It. 3 8 .9 8 .5 8 .3 1 0 .3 1 0 .3 4 .2
G lycine U6 2 .8 580 .8 514 .1 519-6 581 .7 6 04 .6 740 .7
A lan ine 1 16 .U 370.4 3 56 .1 331 .9 4 14 .2 437 .6 477 .4
V a lin e 2 .5 5 .1 6 .3 5-h 6 .7 7-0 2 .0
Leucine 3 .4 7 .8 7 .1 4 .6 6 .8 7 .4 5 .2
P h en yla lan in e 8 .1 1 9 .0 1 4 .1 1 3 .2 1 2 .6 1 6 .0 19 .5
O rn ith in e 1 .5 8 .7 8 .6 7 .1 4 .9 4 .7 1 .5
L ysine 5 .5 1 0 .3 9 -0 7 -2 7 .7 8 .2 8 .3
A rgin ine 1 4 .0 1 9 .8 1 8 .5 1 4 .5 1 3 .3 1 6 .6 1 8 .4
T o ta l 8 3 5 -1* 1240.3 1130 .7 1 0 76 .0 1 235 .1 1304 .0 1499-7
Table 7- The major fr e e  amino a c id s  (nM/mg dry t i s s u e )  in  g i l l  t i s s u e  o f  Mi/a OAzmVuM.
p r io r  t o  and a f t e r  a tr a n s fe r  from 2 0 .6  to  30 .6  o /o o  s a l i n i t y .  The a n a ly ses  
were perform ed on a pooled  e th a n o l e x tr a c t ;  N=8.
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FAA Time (h r s ) A fter Transfer
0 9 15 33 58 82 130
C y ste ic  Acid 12.1* 1 7 .6 19-7 2 0 .3 1 7 .5 2 0 .0 20 .8
Taurine 377-5 1+1*7-3 51*5.8 1*39.1* 1*1*1.1* 1*30.0 1*1*7.5
A sp artic  Acid 20 .9 1 3 .6 1U.5 1 3 .3 1 1 .6 13.1* 19.1+
Glutamic Acid 1*.0 1U.9 2 0 .5 2 1 .6 2 .1 6 .9 6 .9
S er in e 3 .2 3 .2 1+.7 5 .5 lt.1* 5 .2 3 .0
Threonine 2 .3 5.1+ 6 .2 6 .9 5.1* 5 .2 7 .5
G lycine 2U.3 2 6 . 1* 3 3 .3 1*3.9 58 .9 1+9.5 38 .0
A lanine 2 .0 6 .6 17-5 51 .1 89 .2 9 0 .9 105.9
V aline 1 .5 1 .5 1 1 .6 1 0 .2 5 .2 6 .1 7 .7
T ota l 1*1*8.1 _ 536 .5 6 7 3 .8 6 1 2 .2 6 3 5 .7 6 2 7 .2 656 .7
Table 8 . The major fr e e  amino a c id s (nM/mg dry t i s s u e )  in  g i l l  t i s s u e  o f  MeACZWZAacl 
moACZnaxia. p r io r  t o  and a f t e r  a tr a n s fe r  from 2 0 ,3  to  31.1* o /o o  s a l in i t y .  
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18 o /o o  ASW 30 0 /00  ASW
B a s e lin e 1 .0  h r 2 .0  h r 1 .0  h r 2 .0  h r
A sp a rtic
Acid DPM/mg dry v t 20 ,750 lit ,81*2 10 ,118 9,119
DPM/nM 528 252 510 339
nM/mg dry v t 1 0 .3 39 .3 58.9 21 .8 26 .9
£ up take 2 0 .6 13 .1 16.5 8 .5
G lutam ic
Acid DPM/mg dry wt li t  ,126 9 .352 9,136 7,501
DPM/nM 217 H 5 l l t l 111
nM/mg dry  v t 6 1 .0 6 5 .1 61-5 6U.8 6 5 .8
% u p tak e l i t . 9 8 .3 12 .9 7 .0
A lanine DPM/mg dry v t 8 ,225 It, 830 15,86  It 19,033
DPM/nM It6 30 60 68
nM/mg dry v t 192.1* 17 9 .8 l 6l.O 257 .8 279 .9
% u p tak e 8 .2 It. 3 25-9 17 .9
K eto -
Acids DPM/mg dry v t 539 U73 U 1*5 111
t  up take 5 .3 0 . 1* 0 .7 O.lt
C i t r a te DPM/mg dry v t 1 ,2 2 8 665 772 161
% up take 1 2 .2 0 .5 1 .3 0 .1
M alate DPM/mg dry v t l*92 lt 1 ,977 1,911 530
f  up take 1 9 -1 17 . It 3 .2 0 .5
Fume r  a te  -  
S u cc in a te DPM/mg dry v t lt,97lt 750 7,138 1,506
% up take I t .9 0 .7 11 .6 1 .1
E thano l
In s o lu b le DPM/mg dry v t 2 ,831 3,687 1 ,779 2,831
t  up take 2 .8 3 .3 2 .9 2 .6
A sp a rta te
Uptake nM/mg dry v t 0 .2 9 0 0 .327 0 .177 0 .3 0
Table 11. D is tr ib u t io n  o f r a d io a c t iv i t y  among s e v e r a l  compounds in  M^a cuiejia/Ua g i l l  t i s s u e
incubated  in  5*0 ml ASW c o n ta in in g  6 .3 5 3  x 10"  3 pM, 1 .0  wCi L -a sp a rta te -U -l^ C  a t  20 C. 
The g i l l  t is s u e  e th a n o l e x t r a c t  from each  e x p e r im e n ta l  c o n d it io n  was pooled  fo r  f r e e  
amino a c id  a n a ly se s ; H=6 . The v a lu e s  f o r  th e  e h ta n o l  in s o lu b le  f r a c t io n  a re  th e  
mean o f  s ix  d e te rm in a tio n s .  A ll  an im a ls  w ere acc lim a te d  a t  18 o /oo  s a l i n i t y  p r io r  
to  the  experim ent. B ase lin e  v a lu e s  f o r  FAA w ere o b ta in e d  from an im als a cc lim a ted  a t  
18 o /oo  s a l i n i t y .
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18 o /oo  ASW 30 o /o o  ASW
B ase lin e 1 .0  h r 2 .0  h r 1 .0  h r 2 .0  h r
A sp a rtic
Acid DPM/mg d ry  v t 3U.29U 23,671* 15 ,888 16,380
DPM/nM 851 561 679 1*50
nM/mg d ry  v t 3U.3 1*0 .3 1*2 .2 23.1* 36.1*
% u p ta k e 3 2 .2 1 8 .6 26 .8 1 3 .8
Glutnmi c 
Acid DPM/mg d ry  v t 8,61*6 9 ,771 3,556 5,81*2
DPM/nM 139 189 65 113
nM/mg d ry  v t 36 .7 6 2 .2 5 1 .7 51*.7 5 1 .7
% u p tak e 8 .1 7 .7 5-9 U.9
A lanine DPM/mg dry  v t 653 1*69 5,1*60 10,517
DPM/nM 6U 1*3 150 175
nM/mg d ry  v t 9 -6 1 0 .2 1 0 .9 36.1* 6 0 .1
% u p ta k e 0 .6 0 . 1* 9 .2 8 .8
K eto-
Acids DPM/mg d ry  v t 3,525 3 ,761 8,679 8,761*
9  u p ta k e 3 .3 2 .9 1U.6 7.1*
C i t r a te DPM/mg d ry  v t 3,91*8 603 288 859
% u p tak e 3 .7 0 .5 8 . 1* 0 .7
M alate DPM/mg d ry  v t 913 1*21 980 1,1*63
% u p tak e 0 .9 0 .3 1 .7 1 .2
Fum erate-
B u cc in a te DPM/mg dry  v t 2 ,615 860 3,089 717
t  u p tak e 2 .5 0 .7 5-2 0 .6
E thano l
In s o lu b le DPM/mg d ry  v t 3 ,212 5 ,866 1 , 1*11* 3,1*18
t  u p tak e 3 .0 1*.6 2 . 1* 2 .9
A sp a rta te
Uptake nM/mg d ry  v t 0 .3 0 7 0 .3 6 8 0 .1 7 1 0.3U1
Table 12 . D i s t r ib u t io n  o f  r a d i o a c t iv i t y  among s e v e ra l  compounds in  MeACZnaAicL itieAcenwUa g i l l  
t i s s u e  in c u b a te d  in  5 .0  ml ASW c o n ta in in g  6 .353  x 10~3 l . o  uCi L -asparta te-U -^-^C  
a t  20 C. The g i l l  t i s s u e  e th a n o l e x t r a c t  from each e x p erim en ta l c o n d it io n  was pooled  
f o r  f r e e  amino a c id  a n a ly s e s ;  tf=6 . The v a lu e s  fo r  th e  e th a n o l in s o lu b le  f r a c t io n  a re  
th e  mean o f  s ix  d e te rm in a t io n s .  A ll an im als w ere a cc lim a te d  a t  18 o /oo  s a l i n i t y  p r io r  
t o  th e  e x p erim en t. B ase lin e  v a lu e s  f o r  FAA w ere o b ta in e d  from anim als a cc lim a te d  a t  
18 o /o o  s a l i n i t y .
i+o
B ase lin e
21 o /o o  ASW 
A erobic 
0 .5  h r  1 .0  h r
3*t 0 /0 0  ASW 
A erobic 
0 .5  h r  1 .0  h r
21 o /oo  3*1 o/oi 
A naerobic 
1 .0  h r  1 .0  h r
A3p a r t i c
Acid DPM/mg dry  v t 8 ,5 5 3 10 ,601 2,765 it, 222 Ii ,609 2,52*1
DPM/nM 132 158 66 101 92 97
nM/mg dry  v t 79.5 6**.8 67 .1 li l .  9 111. 8 50.1 25 .9
X u p tak e 7 5-9 6 3 .8 1*7.8 37 .3 50.2 32.1*
G lutam ic
Acid DPM/mg d ry  v t 93** 2,226 28U 926 2l*9 1U8
DPM/nM 18 1*1 7 22 I* 3
nM/mg dry  v t 56.8 5 1 .9 5fc.3 1*0.7 1*2.7 62 .2 1*9-1
$ u p ta k e 8 .3 13. It I t.9 8 .2 2 .7 1 .9
A lan ine DPM/mg d ry  v t 5**2 1 ,108 938 2 ,969 1,023 l,7 l* l
DPM/nM 9 17 11 2*1 10 l*i
nM/mg dry  v t 59 .0 6 0 .2 65 .2 85 .3 1 2 3 .7 102.3 12*1. 1*
X u p tak e It. 8 6 .7 16 .2 2 6 .2 11.1 22 .3
K eto-
Acids DPM/mg d ry  v t 36 100 5U 63 93 93
X u p ta k e 0 .3 0 .6 0 .9 0 .5 1 .0 1 .2
C i t r a te DPM/mg d ry  v t 117 158 139 153 28 2**
X u p tak e 1 .0 0 .9 2 .U l . l t 0 .3 0 .3
M alate DPM/mg dry  v t 251 328 610 l*li9 1*23 296
X u p tak e 2 .2 1 .9 10 .5 3 .9 U.6 3 .8
Fum erate-
S u cc in a te DPM/mg dry  v t 158 225 37U I169 1,9*12 1,81*3
X u p ta k e 1 . 1* 1 . 1* 6 .0 U .l 21 .2 23.7
E thano l
In s o lu b le DPM/mg d ry  v t 526 887 1*66 7 U8 31U 1*3*»
X u p tak e fc.7 5-3 8 .1 6 .6 3 .*t 5.6
A sp a rta te
Uptake nM/mg dry  v t 0 .0 3 3 0 . 0 l*8 0.016 0 .033 0.027 0 .02;
Table 13. Distribution of radioactivity among several compounds in S p iA u Z a  a o Z M U a a a jm l gill tissue incubated in 5*0 
ml ASW containing 6.353 x 10“3, 1.0 uCi iz-aspartate-U-^C at 20 C. The gill tissue ethanol extract from 
each experimental condition was pooled for free amino acid analyses; H=U. The values for the ethanol 
insoluble fraction are the mean of four determinations. All animals were acclimated at 21 o/oo salinity 
prior to the experiment. Baseline values for FAA were obtained from animals acclimated at 10 o/oo salinity.
tft/g ancnaJua McAeenat-tg mcAcemiK'q










S ucc ina te
E thano l
In so lu b le
A sp a rta te
Uptake
Table lU.
B a s e lin e 18 o /oo 31 o /oo 9 o /o o B ase lin e 10 o /oo 29 o /o o 8 o /oo
DPM/mg dry  v t 2 ,366 2,976 2,+60 + ,+23 3,995 3 , 26+
% up take 9 . It 15 .0 1 0 .9 10 .5 13 .0 8 .9
DPM/mg d ry  v t 7 ,6 0 7 It ,112 10,+86 21,655 13,603 2+,595
DPM/nM 327 .9 3+5.6 3+8 .6 739.1 601 .9 666.5
nM/mg dry  v t 32 .3 2 3 .2 11 .9 30 .1 27.2 29.3 22 .6 36.9
jt up take 3 0 .3 21 .9 +6.5 51.5 ++.5 66 .2
DPM/mg d ry  v t 712 +06 739 33+ 150 225
DPM/nM 3 1 .8 22 .3 30 .9 27-6 1+ .7 19 .5
nM/mg dry  v t 30.0 22 .+ 18 .2 23 .9 21.+ 12.1 1 0 .2 1 3 .1
% u p tak e 2 .8 2 .1 3 .3 0 .8 0 .5 0 .7
DPM/mg d ry  v t 20+ 92+ 125 12 199 0
DPM/nM 2 .9 9- + 3.0 1 .8 12 .5 0
nM/mg dry  v t 77-7 7 0 .2 90-3 +1.5 7 .6 6 .5 1 5 .9 + .1
% up tak e 0 .8 + .9 0 .6 0 .1 0 .7 0 .0
DPM/mg d ry  v t 5*t 30 28 555 682 68+
% up take 0 .2 0 .2 0 .1 1 .3 2 .2 1 .8
DPM/mg d ry  v t 56 ■ 30 6 + 97 67 62
% up take 0 .2 0 .2 0 .3 0 .2 0 .2 0 .2
DPM/mg d ry  v t 1+3 175 183 61 +1 36
% up take 0 .7 0 .9 0 .8 0 .1 0 .1 0 .1
DPM/mg dry v t .120 127 88 169 133 105
% up take 0 .5 0 .7 0 .+ 0 .+ 0 .+ 0 .3
DPM/mg dry  v t 13 ,8+ 2 9,979 8,32+ 1+.702 1 1 , 6o8 8,105
% up take 5 5 .0 53 .0 37-0 3+.9 37 .9 2 1 .8
nM/mg dry  v t  U.10 3 .0 7  3 .69  6 .8 6  ^ .9 9  6 .06
D is tr ib u t io n  o f  r a d i o a c t i v i t y  among s e v e r a l  compounds in  Mi/a afiZ)HOjU.a and MeAcznevua myicejuvU a  g i l l  t i s s u e  in c u b a ted  
in  5 .0  ml ASW c o n ta in in g  0.1*37 UM, 1 .3  UCi DL-a3p a r ta te - U - ^ C  f o r  one h ou r a t  20 C. The g i l l  t i s s u e  e th a n o l e x t r a c t  
from each ex p erim en ta l c o n d i t io n  was p o o le d  f o r  f r e e  amino a c id  a n a ly s e s ,  11=3. The va lues  f o r  th e  1 CO2 evo lved  and 
fo r  th e  e th an o l in s o lu b le  f r a c t io n  a re  th e  mean o f  t h r e e  d e te rm in a tio n s .  A ll anim als v e re  a cc lim a te d  a t  10 o /o o  
s a l i n i t y  p r io r  to  th e  e x p erim en t. E a s e l in e  v a lu e s  f o r  FAA v e re  o b ta in e d  from anim als a cc lim a te d  a t  18 o /o o  s a l i n i t y .
1+2
18 o /o o  Aerobic 
lUB a s e lin e  A a p a r ta te -1 -  C
lU C02 DPM/mg d ry  v t  1 ,151
% u p ta k e  6 .2
A sp a r t ic
A cid  DPM/mg dry  v t  10 ,117
DPM/nM 355
nM/mg d ry  v t  1*3.6 28 .5
% u p ta k e  7 1 .8
G lutam ic
A cid DPM/mg d ry  v t  299
DPM/nM 6 .8
nM/mg d ry  v t  7 6 .8  1*1*.1
% u p ta k e  2 .1
A lan in e  DPM/mg d ry  v t  1 ,097
DPM/nM 6 .5
nM/mg d ry  v t  1 9 0 .9  169 .3
% u p tak e  7 .8
E e to -
A cids DPM/mg d ry  v t  ll*0
f  u p tak e  1 .0
C i t r a t e  DPM/mg d ry  v t  126
% u p ta k e  0 .9
M ala te  DPM/mg d ry  v t  l l *8
f  u p tak e  1 .0
F um erate-
S u c c ln a te  DPM/mg d ry  v t .  80
% u p tak e  0 . 1*
E th an o l
In s o lu b le  DPM/mg d ry  v t  921*
% u p ta k e  6 .6
A s p a r ta te
U ptake nM/mg d ry  v t  6 . 5I*
18 0 /0 0  A naerobic 18 0 /0 0  A erobic 18 0 /0 0  Anaerobic
A a p a r ta te - l-^ ^ C  A s p a r ta te - l i - ^ C  A sp arta te -!* -1*1*;
219 6 .3 5 0  1,193
1*.3 1 3 .3  7.1*
■3,52b 32 .752  11.219
267 663 559
1 3 .2  1*9.1* 20 .2
6 9 .5  6 8 .5  69 .7
32 3 ,1 5 9  11*9
0 .6  1*5.2 2 .3
5 0 .1  6 9 .9  65.2
0 .6  6 .6  0 .9
165 69I* 301
0.8 U .l l.l*
1 9 9 .3  1 6 9 .6  213.6
3 .2  1 .5  1 .8
66 197 31
1 .3  0.1* 0 .2
35 325 12
0 .7  0 .7  0 .1
91 881* 2i 5




7 .3  6 .1  6 .5
2 .2 7  7 .7 9  2 .62
T able  15. D is t r ib u t io n  o f  r a d i o a c t i v i t y  among s e v e r a l  compounds in  Mya. aJiena/Ua g i l l  t i s s u e  in c u b a te d  under a e ro b ic  and an ae ro b ic  
c o n d i t io n s .  Each g i l l  v a s  in c u b a te d  in  5 -0  ml ASW c o n ta in in g  1 .299  UM, 1 .3  UCi D L -a s p a r ta te - l- l^ C  o r  0.1*37 pM, 1 .3  
pCi D b -a sp a r ta te - l i-1  C f o r  one h o u r a t  20 C. The g i l l  t i s s u e  e th a n o l  e x t r a c t  from each e x p erim en ta l c o n d it io n  vas 
pooled  f o r  f r e e  amino a c id  a n a ly s e s ;  M=3- The va lu es  fo r  th e  1 C02 evo lved  and f o r  th e  e th a n o l  in s o lu b le  f r a c t io n  a re  
th e  mean o f  t h r e e  d e te rm in a tio n s .  A ll an im als  v e re  a cc lim a te d  a t  18 0 /00  s a l i n i t y  p r i o r  t c  t h e  ex p erim en t. B ase line  
v a lu e s  f o r  FAA were o b ta in e d  from an im a ls  a cc lim a te d  a t  10 o /o o  s a l i n i t y .
3^
Ifc,COo DPM/mg dry  v t  
X u p tak e
B a s e lin e




18 o /oo  A naerobic 
ll,
A e p a r ta t e - l -  C
10 b 
1 .3




18 o /oo  A naerobic
. lb  A s p a r ta te -b -  c
1,03b
5 .0
A sp a r t ic
Acid DPM/mg d ry  wt 
DPM/nM 
nM/mg dry  wt 



















A cid DPM/mg d ry  wt 
DPM/nM 
nM/mg d ry  wt 


















A lan ine DPM/mg d ry  wt 
DPM/nM 
nM/mg d ry  wt 



















Acids DPM/mg d ry  wt 
X u p ta k e








C i t r a t e DPM/mg d ry  w t 









M alate DPM/mg d ry  wt 










S u cc in a te DPM/mg d ry  wt 










In s o lu b le DPM/mg d ry  wt 







l , b 06
6.8
A sp a rta te
Uptake nM/mg d ry  wt 8 .0 9 3 .56 8.29 3 .38
Table  16. D is t r ib u t io n  o f  r a d i o a c t i v i t y  among s e v e r a l  compounds in  M ckcand/lia meAC&naJuJl g i l l  t i s s u e  in c u b a ted  under, a e ro b ic  and 
a n ae ro b ic  c o n d i t io n s .  Each g i l l  was in c u b a te d  i n  5 .0  ml ASW c o n ta in in g  1.299 PM, 1 .3  pCi D L -a sp a rta te -1 -^  C o r  0 . 1*37 
UM, 1 .3  pCi D L - a s p a r ta te -b - lb c  f o r  one h o u r a t  20 C. The g i l l  t i s s u e  e th a n o l  e x t r a c t  from each  ex p erim en ta l c o n d itio n  
was p o o led  fo r  f r e e  amino a c id  a n a ly s e s ;  N=3. The v a lu e s  f o r  th e  lUcOp ev o lv e d  and f o r  th e  e th a n o l in s o lu b le  f r a c t io n  
a re  th e  mean o f  t h r e e  d e te rm in a t io n s .  A l l  an im als  w ere a cc lim a te d  a t  18 0 /0 0  s a l i n i t y  p r i o r  to  th e  experim en t. B ase lin e  
v a lu e s  f o r  FAA w ere o b ta in e d  from  an im als a c c lim a te d  a t  18 0 /0 0  s a l i n i t y .
1+1+
T ab le 17- P e rc e n ta g e  u p ta k e  as  ^ CO2 e v o lv e d  from  g i l l  t i s s u e s
o f  M. aAznaJbia  an d  M. m e/tcena/Lia. Each g i l l  was in c u b a te d  
in  5 ml o f  ASW c o n ta in in g  1 .2 9 9  uM, 1 .3  uC i D L - a s p a r ta te -  
1 - l^ C  f o r  one h o u r  a t  20 C. The v a lu e s  a r e  th e  mean 
o f  t h r e e  d e te r m i n a t i o n s .  A l l  a n im a ls  w ere a c c l im a te d  
a t  18  0 /0 0  s a l i n i t y  p r i o r  t o  t h e  e x p e r im e n t.
Mg a  a'le.narUa.
MeAc.e.na'u.a
meAce.na/u.a
I n c u b a t io n  
S a l i n i t y  0 /0 0
1 8 .3  





P e rc e n ta g e  U ptake 







F ig u r e  2 . A la n in e  AT a c t i v i t y  (X , SD) and  a la n in e  a n d  g lu ta m ic  
a c id  c o n c e n t r a t i o n s  i n  g i l l  t i s s u e  o f  MQJlC.ZYWJia .0. mQJiC.zna/UJX a f t e r  











ALANINE AT ^moles SUBSTRATE
T R A N S A M I N  ATED  /  mg DRY T ISSU E /  min.
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F ig u re  3 . A la n in e  AT a c t i v i t y  (X, SD) and a la n i n e  
a c id  c o n c e n t r a t io n s  in  g i l l  t i s s u e  o f  Mija aJltncVLAjCL 
from  2 0 .6  t o  3 0 .6  o /o o  s a l i n i t y .
U8
and g lu ta m ic  
a f t e r  t r a n s f e r
ALANINE AT
TRANS A M I N A T E D
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F ig u re  A la n in e  AT a c t i v i t y  (X, SD) and a la n i n e  and g lu ta m ic  
a c id  c o n c e n t r a t io n  in  g i l l  t i s s u e  o f  Spi-6uZd a f t e r
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F ig u re  5 . I n t e r r e l a t i o n s h i p s  be tw een  PEP c a rb o x y k in a s e  , p y r u v a te  
c a r b o x y la s e  and  m a l ic  enzyme in  c o n ju n c t io n  w ith  a l a n i n e  and 
a s p a r t a t e  a m in o t r a n s f e r a s e .
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F ig u re  6 . S ch em atic  p r e s e n t a t i o n  d e p i c t i n g  th e  m e ta b o l ic  p a thw ays 
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I t  i s  e v id e n t  t h a t  f o r  b o th  M. a/iena/Ua. and 5 . &otUduA/>jjma. 
t h e r e  i s  a  r e a l  in c r e a s e  i n  th e  a la n in e  AT a c t i v i t y  i n  r e s p o n s e  t o  
an in c r e a s e  i n  th e  e n v iro n m e n ta l  s a l i n i t y  a s  w e l l  a s  an in c r e a s e  
i n  th e  e f f e c t i v e  c o n c e n t r a t io n  o f  t h e  enzyme due t o  changes in  th e  
t i s s u e  w a te r  c o n te n t .  The s m a ll  in c r e a s e  i n  th e  e f f e c t i v e  c o n c e n t r a t io n  
o f  th e  a s p a r t a t e  AT due t o  changes i n  th e  t i s s u e  w a te r  c o n te n t  in  
t h e  g i l l  t i s s u e  o f  M. a/iena/UOL i n d i c a t e s  t h a t  t h i s  enzyme i s  n o t 
a f f e c t e d  by an in c r e a s e  i n  s a l i n i t y .  In  S . £ oZMLU>/>AJi\a., t h e r e  i s  
an i n d i c a t i o n  t h a t  th e  a s p a r t a t e  AT i s  s l i g h t l y  s e n s i t i v e  t o  an 
i n c r e a s e  in  s a l i n i t y  b u t  n o t  t o  th e  e x te n t  o f  t h e  a la n in e  AT.
In  M. meA.ce.na/Ua., t h e  a la n in e  and a s p a r t a t e  AT a c t i v i t y ,  
i n  u n i t s  o f  d ry  t i s s u e ,  d id  n o t  i n c r e a s e  b u t  d e c re a s e d  i n  r e s p o n s e  
t o  an i n c r e a s e  i n  s a l i n i t y .  The r e a s o n  f o r  t h i s  i s  unknown as i t  
i s  su ch  an o p p o s i te  re sp o n se  from  t h a t  n o te d  w ith  M. aAena/UxL 
and S . /lOLLdUs/iAJma. T h is does n o t  i n d i c a t e  t h a t  th e  a la n in e  and 
a s p a r t a t e  AT i n  M. me/LcenaJvia. was n o t s e n s i t i v e  t o  changes in  
t h e  e n v iro n m e n ta l  s a l i n i t y .  The d e c re a s e  i n  th e  AT a c t i v i t y  was 
t r a n s i t o r y  and re a c h e d  i t s  lo w e s t  l e v e l  33 h o u rs  a f t e r  t r a n s f e r  
o f  th e  a n im a ls  i n t o  h ig h e r  s a l i n i t y  s e a  w a te r  (F ig .  2 ) .  By th e  
en d  o f  th e  e x p e r im e n t (130 h o u rs  a f t e r  t r a n s f e r ) ,  t h e  a l a n in e  AT
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a c t i v i t y  h a d  r e t u r n e d  t o  b a s e l i n e  l e v e l s  w hereas th e  a s p a r t a t e  AT 
a c t i v i t y  d id  n o t .  A lth o u g h  th e  AT a c t i v i t i e s ,  i n  u n i t s  o f  d ry  
t i s s u e ,  d id  n o t  i n c r e a s e  o v e r  th e  tim e  c o u rse  o f  t h e  e x p e r im e n t ,  
th e  e f f e c t i v e  c o n c e n t r a t io n  o f  th e  enzymes (e x p re s s e d  a s  w e t t i s s u e  
o r  t i s s u e  w a te r )  in c r e a s e d  o r  rem ain ed  a t  th e  same l e v e l .  I t  i s  o f  
i n t e r e s t  t h a t ,  r e g a r d l e s s  o f  an i n i t i a l  t r a n s i t o r y  i n c r e a s e  o r  n o t ,  
t h e  AT a c t i v i t i e s  i n  th e  t h r e e  b iv a lv e s  s tu d ie d  d e c re a s e d  a t  some 
p o in t  i n  t im e  b e tw e en  33 and  66 h o u rs  a f t e r  th e  t r a n s f e r  o f  t h e  
a n im a ls  i n t o  h ig h e r  s a l i n i t y  s e a  w a te r .  The e x c e p t io n  t o  t h i s  i s  
th e  a s p a r t a t e  AT i n  M. aAZVKUiLcL.
D uPaul and Webb (1970) found  t h a t ,  d u r in g  th e  p r o c e s s  o f  
FAA a c c u m u la t io n  i n  r e s p o n s e  to  an in c r e a s e  i n  s a l i n i t y ,  t h e r e  was 
a t r a n s i t o r y  d e c re a s e  in  t h e  c o n c e n t r a t io n  o f  a la n in e  i n  m u sc le  
t i s s u e  o f  M. aA -m ania . T h is  same p a t t e r n  o f  a la n in e  a c c u m u la t io n  
was fo und  in  th e  g i l l  t i s s u e  o f  M. a/itncUiia. and S . AoZ-idsL&AMna i n  
re s p o n s e  t o  an i n c r e a s e  i n  t h e  e n v iro n m e n ta l s a l i n i t y .  When th e  
c o n c e n t r a t io n  o f  a la n in e  an d  th e  a la n in e  AT a c t i v i t y  a r e  p l o t t e d ,  
i t  can  b e  s e e n  t h a t  t h e s e  tw o com ponents fo llo w  a  s i m i l a r  p a t t e r n  
d u r in g  th e  p e r io d  o f  t r a n s i t o r y  changes (F ig . 3 and U ). D uPaul and 
Webb (1 9 7 0 ) d is c o u n te d  th e  t r a n s i t o r y  changes i n  th e  c o n c e n t r a t io n  
o f  a la n in e  as  an  o v e rs h o o t  r e a c t i o n  b e cau se  th e  f i n a l  c o n c e n t r a t io n s  
w ere h i g h e r  a t  th e  end  o f  t h e  e x p e rim e n t th a n  th e  c o n c e n t r a t io n s  
d u r in g  th e  i n i t i a l  i n c r e a s e .  I t  now a p p e a rs  t h a t  t h e  i n i t i a l  
changes i n  th e  c o n c e n t r a t io n  o f  a la n in e  a r e ,  i n  p a r t ,  a  r e f l e c t i o n
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o f  an o b v io u s  o v e rs h o o t r e a c t i o n  o f  th e  a l a n i n e  AT i n  r e s p o n s e  t o
an in c r e a s e  i n  th e  e n v iro n m e n ta l  s a l i n i t y .
The p a r a l l e l  p a t t e r n  o f  change i n  t h e  c o n c e n t r a t io n  o f  
a la n in e  and th e  a c t i v i t y  o f  a la n in e  AT, i n  a d d i t i o n  t o  t h e  o v e rs h o o t 
r e a c t i o n  by  th e  a la n in e  AT d u r in g  t h e  i n i t i a l  re s p o n s e  t o  a  s a l i n i t y  
i n c r e a s e ,  can be  c o n s id e r e d  a s  a d d i t i o n a l  s u p p o r t  t o  th e  p ro p o se d  
m u l t i p l e  component sy s te m  o f  FAA a c c u m u la t io n  i n  M. aA.e.naAia (DuPaul 
and  Webb, 1 9 7 0 ) . The i n i t i a l  o r  " f a s t "  com ponent c o n s i s t s  o f  a
r a p i d  b u t  t r a n s i t o r y  in c r e a s e  i n  th e  c o n c e n t r a t io n  o f  a la n in e
f a c i l i t a t e d ,  a t  l e a s t  i n  p a r t ,  by  t h e  t r a n s i t o r y  i n c r e a s e  i n  th e  
a la n in e  AT a c t i v i t y .
The s i g n i f i c a n t  c o r r e l a t i o n  b e tw e en  th e  i n c r e a s e  i n  th e  
c o n c e n t r a t io n  o f  a la n in e  and t h e  d e c re a s e  i n  th e  c o n c e n t r a t io n  o f  
a s p a r t i c  a c id ,  and i n  a d d i t i o n ,  th e  a p p a re n t  r e l a t i o n s h i p  betw een  
th e  t r a n s i t o r y  changes in  th e  c o n c e n t r a t io n  o f  a s p a r t i c  a c id  and 
a la n in e  w ith  th e  t r a n s i t o r y  changes i n  th e  a la n in e  and  a s p a r t a t e  
AT a c t i v i t y  in  b o th  M. oAmaAM l and S . AolA.cUj>&ma i s  s u b s t a n t i a l  
e v id e n c e  t h a t  th e  a d ju s tm e n t o f  th e  FAA p o o l  i n  r e s p o n s e  to  an 
i n c r e a s e  i n  s a l i n i t y  may in v o lv e  a  l i n k  b e tw e e n  th e  a la n in e  and 
a s p a r t a t e  AT.
In  M. meAcenaAsLa, t h e  c o r r e l a t i o n  b e tw e en  th e  in c r e a s e  in  
th e  c o n c e n t r a t io n  o f  a la n in e  and  th e  d e c re a s e  i n  a s p a r t i c  a c id  was n o t  
s i g n i f i c a n t  and th e r e  w ere no p a t t e r n  s i m i l a r i t i e s  i n  t h e  changes o f  
t h e  a la n in e  c o n c e n t r a t io n  and a la n in e  AT a c t i v i t y .  T h is  does n o t
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p re c lu d e  th e  in v o lv e m e n t o f  t h e  a s p a r t a t e  and a la n in e  AT i n  t h e  a d j u s t ­
ment o f  th e  FAA p o o l .  The i n i t i a l  low  c o n c e n t r a t io n  o f  a la n in e  
a t  th e  a c c l im a t io n  s a l i n i t y  and i t s  r e l a t i v e l y  l a r g e  (50X) and r a p id  
in c r e a s e  in  r e s p o n s e  t o  a  s a l i n i t y  change p ro b a b ly  p r e v e n te d  ob­
s e r v a t io n s  o f  t h i s  ty p e .  A ls o , th e  AT a c t i v i t i e s  a t  t h e i r  lo w e s t 
l e v e l  w ere  s u f f i c i e n t  t o  t r a n s a m in a te  t h e  t o t a l  a s p a r t a t e  and a la n in e  
p o o ls  i n  a  m a t te r  o f  m in u te s .
A d d i t io n a l  e v id e n c e  f o r  t h e  l i n k  betw een th e  a la n in e  and 
a s p a r t a t e  AT and t h e i r  in v o lv e m e n t i n  t h e  a d ju s tm e n t o f  r e l a t i v e  
q u a n t i t i e s  o f  t h e i r  r e s p e c t i v e  FAA i s  found  in  th e  d a t a  from  
e x p e rim e n ts  d e s ig n e d  t o  d e te rm in e  t h e  e f f e c t s  o f  m e rc u r ic  c h lo r id e  
and CTMAB on AT a c t i v i t y  (T a b le  1 0 ) .  T here  a re  two m echanism s 
t h a t  can be  u t i l i z e d  f o r  t h e  p r o d u c t io n  o f  a la n in e  from  a s p a r t a t e .
One i s  a  d i r e c t  pa thw ay  by  w h ich  th e  p ro d u c t io n  o f  a l a n in e  i s  
f a c i l i t a t e d  by a  3 - d e c a r b o x y la t io n  o f  a s p a r t a t e .  The o th e r  i s  an 
i n d i r e c t  pathw ay i n  w h ich  th e  p r o d u c t io n  o f  o x a lo a c e ta te  from  
a s p a r t a t e  i s  n e c e s s a ry  ( s e e  F ig .  6 ) .  E v idence  t o  be  p r e s e n te d  in  
a n o th e r  s e c t i o n  o f  t h i s  d i s c u s s io n  e l im in a te s  th e  3- d e c a r b o x y la t io n  
o f  a s p a r t a t e  a s  a f u n c t i o n a l  m e ta b o lic  pathw ay in  th e  g i l l  t i s s u e  
o f  t h e  t h r e e  b i v a l v e s  s tu d i e d .  The p o s s i b i l i t y  o f  a  n o n o x id a t iv e  
d e a m in a tio n  o f  a s p a r t a t e  by  a s p a r t a s e  t o  form  fu m a ra te  i s  con­
s id e r e d  rem o te  s in c e  t h e  enzyme h a s  o n ly  been  found i n  b a c t e r i a  
and p l a n t s  (G re e n b u rg , 1 9 6 1 ) .  The s y n th e s i s  o f  a la n in e - - ^ C  from  
a s p a r t a t e - l - ^ C  n e c e s s i t a t e s  th e n  a  t r a n s a m in a t io n  o f  a s p a r t a t e  to
6o
form  o x a lo a c e ta t e .  The o x a lo a c e ta te  c o u ld  th e n  b e  de c a rb o x y l  a t  ed  
t o  form  p y ru v a te  o r  PEP (PEP. p y r u v a te )  w h ich  i n  t u r n  w ou ld  be  
in v o lv e d  w i th  th e  a la n in e  AT f o r  th e  p r o d u c t io n  o f  a la n in e - - ^ C .  The 
s y n th e s i s  o f  g l u t a m a t e - f r o m  a s p a r t a t e - l - l ^ C  w ould  n e c e s s i t a t e  
t h e  ra n d o m iz a t io n  o f  th e  1-C and 1+-C o f  o x a lo a c e ta t e  v i a  m a la te  
fu m e ra te  o r  by th e  p o s s ib l e  fo rm a tio n  o f  c i s - a c o n i t a t e  ( s e e  F ig .  6 ) 
s in c e  t h e  1-C  from  o x a lo a c e ta te  i s  l o s t  in  t h e  p r o d u c t io n  o f  
a - k e t o g l u t e r a t e  i n  t h e  K rebs c y c le .  C i s - a c o n i t a t e  i s  n o t an 
o b l i g a to r y  in te r m e d ia te  be tw een  c i t r a t e  and  i s o c i t r a t e  a s  b o th  
i s o c i t r a t e  and c i s a c o n i t a t e  i s  form ed from  a  common i n te r m e d ia t e  
(D ickm an, 1 9 6 l ) .  The i n h i b i t o r s  e f f e c t i v e l y  i n t e r f e r e d  w ith , th e  
t r a n s a m in a t io n  o f  th e  amino a c id  s u b s t r a t e s  t o  t h e i r  r e s p e c t i v e  
k e to  a c id s  and s u b s e q u e n t ly ,  w ith  th e  s y n th e s i s  o f  a l a n in e - - ^ C . 
M e rc u r ic  c h lo r id e  and CTMAB a re  a ls o  e f f e c t i v e  i n  b lo c k in g  th e  
r e a c t i o n s  o f  th e  K rebs c y c le ,  and as e x p e c te d ,  c o m p le te ly  i n h i b i t e d  
t h e  p r o d u c t io n  o f  g lu ta m a te - '* '^ .
A lth o u g h  t r a n s a m in a t io n s , by  th e m s e lv e s , c a n n o t r e s u l t  in  
a  n e t  a c c u m u la tio n  o f  amino o r  k e to  a c id s  th e y  ca n  b e  e f f e c t i v e  in  
c h a n g in g  t h e  r e l a t i v e  c o n c e n t r a t io n s  o f  th e  i n d i v i d u a l  compounds 
in v o lv e d .  To o b ta in  a  n e t  in c r e a s e  o f  any one com ponent su c h  as 
a s p a r t a t e  o r  a l a n i n e ,  an in p u t  o f  o t h e r  com ponents m ust e x i s t .
The in v o lv e m e n t o f  g lu ta m ic  d eh y d ro g en ase  i n  t h i s  r e s p e c t  and i t s  
im p l i c a t i o n  in  is o s m o tic  i n t r a c e l l u l a r  r e g u l a t i o n  in  c r u s ta c e a n  
m e ta b o lis m  h a s  b e e n  s p e c u la te d  on by  S c h o f f e n i e l s  (1 9 6 5 ) ,  C h a p lin
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et_ a l  ( 1965 ) and G i l l e s  (1 9 6 9 )* I t  i s  th ro u g h  t h i s  enzyme sy s tem  t h a t  
g lu ta m a te  i s  s y n th e s iz e d  from  a - k e t o g l u t a r a t e  and  ammonia. An in p u t  
o f  g lu ta m a te  and a k e to  a c id  i n t o  th e  a m in o tr a n s fe r a s e  sy s te m  w ould 
r e s u l t  i n  a  n e t  s y n th e s i s  o f  an  am ino a c i d ,  su ch  as  a l a n i n e ,  w hich  
c o u ld  th e n  be  u s e d  f o r  o s m o re g u la to ry  p u r p o s e s .
I f  p y ru v a te  i s  t h e  im m ed ia te  c a rb o n  s o u rc e  f o r  th e  s y n th e s i s  
o f  a la n in e  v ia  a la n in e  AT, e q u a l  q u a n t i t i e s  o f  g lu ta m ic  a c id  m ust be 
a v a i l a b l e  to  s e rv e  as  a  NH^+ s o u r c e .  I t  w ould  seem  r e a s o n a b le  to  
assum e t h a t  th e  e x t e n t  o f  t h e  s a l i n i t y - i n d u c e d  changes in  th e  con­
c e n t r a t i o n  o f  g lu ta m ic  a c id  c o u ld  s e r v e  as  a  ro u g h  in d e x  as t o  th e  
c a p a c i ty  o f  g lu ta m ic  d e h y d ro g e n a se  t o  r e p l e n i s h  o r  in c r e a s e  th e  
g lu ta m ic  a c id  p o o l .  The e f f e c t s  o f  s a l i n i t y  on th e  g lu ta m ic  a c id  
p o o l  o f  M. aJiZYiaSiia. w ere  s l i g h t  and  th e  c o n c e n t r a t io n s  rem a in e d  a t  
o r  s l i g h t l y  above b a s e l i n e  l e v e l s .  I n  S . &oLLdLU>t>4MCL, t h e r e  was a 
n o t i c a b le  d e c re a s e  i n  t h e  c o n c e n t r a t io n  o f  g lu ta m ic  a c id  d u r in g  th e  
c o u rs e  o f  th e  e x p e r im e n t b u t  t h e  c o n c e n t r a t io n  r e tu r n e d  t o  b a s e l in e  
l e v e l s  by  th e  end o f  t h e  e x p e r im e n t .  The d a ta  on th e  g lu ta m ic  a c id  
changes a re  p r e s e n te d  in  F ig .  3 and  k  a lo n g  w i th  th e  a la n in e  con­
c e n t r a t i o n  and th e  a c t i v i t i e s  o f  t h e  a la n in e  AT.
The c o n c e n t r a t io n  o f  g lu ta m ic  a c id  i n  t h e  g i l l  t i s s u e s  
o f  M. meJicma/iia. a t  a c c l im a t io n  s a l i n i t i e s  does n o t  a p p e a r  l a r g e  
enough t o  s e rv e  as an  a d e q u a te  s o u rc e  o f  NH^+ f o r  th e  a m in o tr a n s fe ra s e  
r e a c t i o n .  In  t h i s  c o n t e x t ,  i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  
c o n c e n t r a t io n  o f  g lu ta m ic  a c id  i n c r e a s e d  d u r in g  th e  f i r s t  33 h o u rs
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a f t e r  a  t r a n s f e r  o f  t h e  a n im a ls  i n t o  a h ig h e r  s a l i n i t y  b u t  th e n  
d e c re a s e d  t o  o r  s l i g h t l y  above b a s e l i n e  l e v e l s  to w a rd s  th e  end  o f  
th e  e x p e r im e n t ( F ig .  2 ) .  S in c e  t h e  two amino a c id  com ponents o f  
th e  a la n in e  AT a r e  a t  v e ry  low c o n c e n t r a t io n s  ( a l a n i n e ,  2 .0  nM/mg 
d ry  t i s s u e ;  g lu ta m ic  a c id ,  U.O nM/mg d ry  t i s s u e )  a t  th e  a c c l im a t io n  
s a l i n i t y ,  th e  a m in o tr a n s f e r a s e  may n o t  b e  v e ry  e f f e c t i v e  i n  th e  
t r a n s a m in a t io n  o f  th e  amino and k e to  com ponen ts . H ow ever, u n d e r  
c o n d i t io n s  o f  i n c r e a s e d  s a l i n i t y ,  d u r in g  w hich  tim e  t h e r e  i s  a  
r e l a t i v e l y  l a r g e  a c c u m u la t io n  o f  a l a n i n e ,  th e  i n c r e a s e  i n  t h e  
c o n c e n t r a t io n  o f  g lu ta m ic  a c id  may w e l l  b e  t h e  r e s u l t  o f  an 
in c r e a s e d  g lu ta m ic  d e h y d ro g e n a se  a c t i v i t y  t o  m eet th e  r e q u ir e m e n ts  
o f  an a d d i t i o n a l  demand f o r  an amino s o u rc e .
Hammen ( 1 9 6 8 ) i n  an i n v e s t i g a t i o n  o f  t h e  AT a c t i v i t i e s  
o f  s e v e r a l  m o llu s c s  found  t h a t  t h e  A sp /A la  AT r a t i o  i n  M. meAc.ejna/u.0. 
w a s , on two d i f f e r e n t  o c c a s io n s ,  0 .5 3  and 0 .6 2  w h ich  i s  i n  a g reem en t 
w i th  th e  AT r a t i o  fo und  in  th e  p r e s e n t  s tu d y .  He a l s o  s t a t e d  t h a t  
t h e r e  i s  no s ta n d a r d  r a t i o  t o  b e  fo und  i n  m o llu s c s  b u t  t h a t  a  h ig h  
A sp /A la  AT r a t i o  may i n d i c a t e  t h a t  r e a c t i o n s  in v o lv in g  o x a lo a c e ta t e  
have  an e x a g g e r a te d  im p o r ta n c e  t o  th o s e  in v o lv in g  p y r u v a te .  The 
e f f e c t  o f  s a l i n i t y  on th e  AT r a t i o  i s  in  ag reem en t w i th  t h i s  
p r o p o s a l .  D u rin g  th e  a d ju s tm e n t  t o  a  s a l i n i t y  i n c r e a s e ,  w h ich  
in v o lv e d  th e  a c c u m u la tio n  o f  l a r g e  q u a n t i t i e s  o f  a la n in e  p re su m a b ly  
by  a  t r a n s a m in a t io n  on p y r u v a te ,  th e  A sp /A la  AT r a t i o s  w ere lo w e r  
th a n  a t  th e  a c c l im a t io n  s a l i n i t i e s .  The A sp /A la  AT r a t i o  d e c re a s e d
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from  0 .6 6  t o  0.1+9 f o r  M. a/iznaSvLa, from  0 .9 2  t o  0 .7 7  f o r  S .
AotldiAA<ma and from  0 .5 2  to  O.kO f o r  M. meAcena/Ua.
T here i s  m ost p ro b a b ly  a  s u b s t a n t i a l  i n t e r a c t i o n  be tw een  
a l a n i n e ,  g lu ta m a te  and a s p a r t a t e  v i a  t r a n s a m in a t io n  w i th  t h e i r  
c o rre s p o n d in g  k e to  a c id s .  I f  th e  c a rb o n  s k e le to n  o f  a s p a r t a t e  i s  
u t i l i z e d  i n  th e  s y n th e s i s  o f  a l a n i n e ,  a  d e c a r b o x y la t io n  o f
o x a lo a c e ta te  t o  p y ru v a te  o r  PEP (PEP ^ - p y r u v a te )  m ust be  m ade.
In  t h i s  m anner, th e  a s p a r t a t e  and a la n in e  AT c o u ld  b e  l in k e d .
Read ( 1 9 6 2 ) found  t h a t  th e  o x a lo a c e ta t e  fo rm ed  from  a s p a r t a t e  v i a  
a s p a r t a t e  AT i n  U y t i tu A  2-dlltU , and M ocU otuA mocUo-tuA was decom posing 
t o  CC>2 and p y ru v a te  w hich i n  t u r n  p a r t i c i p a t e d  i n  t h e  a la n in e  AT 
r e a c t i o n  t o  form  a la n in e .
In  o r d e r  t o  d e te rm in e  th e  i n t e r c o n v e r t a b i l i t y  o f  o x a lo a c e ta te  
and p y ru v a te  i n  g i l l  t i s s u e  o f  M. aAznaJvLcL and  M. meA.c.(>ncVvLa., an 
a s s a y  o f  en z y m a tic  a c t i v i t y  o f  PEP c a rb o x y k in a s e , p y ru v a te  c a rb o x y la s e  
and m a lic  enzyme was u n d e r ta k e n . The i n t e r r e l a t i o n s h i p s  b e tw een  
th e s e  enzyme sy s te m s  have  b een  d i s c u s s e d  by  U t t e r  (1 9 5 1 )5 P r e s c o t t  
and C am pbell (1 9 6 5 ) ,  Keech and U t t e r  ( 1 9 6 3 ) and Saz (1 9 7 1 ) . The 
i n t e r a c t i o n s  b e tw e en  th e s e  enzym es a r e  s c h e m a t ic a l ly  p r e s e n te d  in  
F ig .  5 t o  d e p ic t  th e  pathw ays t h a t  c o u ld  f a c i l i t a t e  a  l i n k  betw een  
th e  a la n in e  and a s p a r t a t e  AT ( s e e  a l s o  F ig .  6 ) .
From th e  d a ta  p r e s e n te d  i n  T a b le s  2 and 3 ,  i t  i s  e v id e n t  
t h a t  M. aAtLYioUvia and M. m&icmcUvLa. h av e  t h e  c a p a c i ty  t o  f i x  C02 
w ith  PEP o r  p y ru v a te  t o  form  m a la te  o r  o x a lo a c e ta t e .  M ost o f  th e
r a d i o a c t i v i t y  from  th e  f i x a t i o n  o f  -^COg was found  in  th e  a s p a r t a t e  
p o o l w hich  was p r o b a b ly  due t o  th e  d i r e c t i o n  i n  w hich th e  e n z y m a tic  
a s sa y  was d e te rm in e d  a n d  t o  th e  l e n g th  o f  th e  in c u b a t io n  t im e . 
G lu tam ic  a c id - l^ C  was d e t e c t e d  i n  t h e  g i l l  t i s s u e  hom ogenates o f  
b o th  M. cULe.no/iLa and M. meAce.no/uji i n d i c a t i n g  t h a t  some o f  th e  
o x a lo a c e ta te  fo rm ed  e n te r e d  th e  K rebs C ycle  t o  form  - ^ C - a - k e to -  
g l u t a r a t e .  In  M. OAenaAia g i l l  t i s s u e  h o m o g en a tes , a l a n i n e - ^ C  
was d e te c te d  w h ich  w ou ld  i n d i c a t e  t h a t  i n  some o f  th e  o x a lo a c e ta te  
form ed th e  1-C an d  ^-C becam e ran d o m ized  b e f o r e  b e in g  d e c a rb o x y la te d  
to  form  p y r u v a te .  In  M. meAcena/u.a g i l l  t i s s u e  hom o g en a tes , no 
a l a n i n e - ^ C  was fo u n d . T h is  o b s e r v a t io n  was m ost l i k e l y  due to  
th e  e x tre m e ly  low c o n c e n t r a t io n  o f  a la n in e  and i t s  p ro b a b le  low 
r a t e  o f  tu r n o v e r  a t  t h e  a c c l im a t io n  s a l i n i t y .  The C C ^ -fix in g  
enzym es, o f  th e  r e v e r s e  r e a c t i o n  ( o x a lo a c e ta te  d e c a r b o x y la t io n )  
c o u ld , as th e m s e lv e s  an d  as l i n k  b e tw een  th e  a la n in e  and a s p a r t a t e  
AT s y s te m s , be i n s t r u m e n ta l  i n  t h e  s y n th e s i s  and d e g ra d a tio n  o f  
some o f  th e  FM  in v o lv e d  i n  t h e  is o s m o tic  i n t r a c e l l u l a r  r e g u l u t io n  
o f  m arine  i n v e r t e b r a t e s .  Aw apara and Com pbell ( 196^) found  t h a t  
^ C 02 was e f f e c t i v e l y  i n c o r p o r a t e d  i n t o  a l a n i n e ,  a s p a r t a t e  and 
g lu ta m a te  i n  CAa&AO&tAca viAg-inlca  and  Rang-La cuneata  and G i l l e s  
and S c h o f fe n ie ls  ( 1 9 6 8 ) fo u n d  l a b e l e d  a s p a r t a t e  and g lu ta m a te  a f t e r  
■^COp f i x a t i o n  by  n e rv e  t i s s u e  o f  Homa/iuA vulga/uA .
The d i s t r i b u t i o n  o f  PEP c a rb o x y k in a s e  a p p ears  to  b e  q u i t e  
w id e sp re a d  i n  th e  i n v e r t e b r a t e s  a s  d e m o n s tra te d  in  t h i s  s tu d y  and
65
b y  o t h e r  a u th o r s  (Awapara and C om pbell, 196 H; Sim pson and  A w apara, 
1 9 6 6 ; P r e s c o t t  and C am pbell, 1965; Hammen and W ilb u r , 1959 ; Hammen 
and Lum, 1962; B ued ing  and S a z , 1968) .  The PEP c a rb o x y k in a s e  
fo u n d  i n  M. dAe,n(Vu.a and M. meAce.ncVu.a h ad  th e  same n u c le o t id e  
r e q u ir e m e n t  a s  fo u n d  i n  th e  mammalian and a v ia n  enzyme by  U t t e r  and 
K u ra h a s i  (1 9 5 * 0 , B a n d u rsk i and Lipman (1956) and N o r d l ie  and 
L ardy  (1963)* For b o th  M. aA.e.na/u.0. and M. w e/L ce .na /u .a , IDP was 
th e  m o st e f f e c t i v e  n u c le o t id e  fo llo w e d  by GDP and ADP.
The in c u b a t io n  o f  i s o l a t e d  g i l l  t i s s u e  fro m  M. 0/ie.ncVu.a  
i n  ASW was t o  d e te rm in e  i f  i s o l a t e d  g i l l  t i s s u e  c o u ld  b e  u se d  f o r  
f u r t h e r  s t u d i e s  on is o s m o tic  i n t r a c e l l u l a r  r e g u l a t i o n  in v o lv in g  th e  
u se  o f  -* -^ C -a sp a r ta te . R e s u l ts  i n d i c a t e  t h a t  th e  r e s p o n s e  o f  th e  
FAA p o o l  t o  an in c r e a s e d  s a l i n i t y  in  i s o l a t e d  g i l l  t i s s u e  was q u i te  
s i m i l a r  t o  t h a t  n o te d  f o r  i n t a c t  a n im a ls . I s o l a t e d  g i l l  t i s s u e  
from  M. aA&n(Vu.Cl a c c u m u la te  f r e e  a la n in e  i n  r e s p o n s e  t o  an in c r e a s e  
in  t h e  o sm o tic  p r e s s u r e  o f  th e  i n c u b a t io n  medium f o r  a t  l e a s t  
e i g h t  h o u rs  d u r in g  th e  in c u b a t io n .  The a c c u m u la t io n  o f  a la n in e  
and  th e  d e c re a s e  o f  a s p a r t a t e  fo llo w s  s i m i l a r  p a t t e r n s  as  n o te d  
in  i n t a c t  a n im a ls  p r e v io u s ly  (D uPaul and Webb, 1970) an3  a g a in  
i n  t h e  p r e s e n t  s tu d y .  The h ig h  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t s  
b e tw e e n  t h e  a s p a r t a t e  and a la n in e  c o n c e n t r a t io n s  u n d e r  a l l  in c u b a t io n  
c o n d i t i o n s , i n c lu d in g  a e ro b ic  and a n a e ro b ic  c o n d i t i o n s , r e i n f o r c e  
th e  p r o p o s a l  t h a t  t h e s e  FAA ta k e  an a c t i v e  p a r t  i n  t h e  is o m o tic  
i n t r a c e l l u l a r  r e g u l a t i o n  i n  a u n iq u e  m anner.
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The a c c u m u la tio n  o f  a la n in e  u n d e r  a n a e ro b ic  c o n d i t io n s  h a s  
b e e n  n o te d  i n  Ranged cun&ata (S to k e s  an d  A w apara, 1 9 6 8 ). The a u th o r s  
p ro p o se d  t h a t  e q u im o la r  q u a n t i t i e s  o f  a la n in e  and s u c c in a te  w ere 
p ro d u ce d  d u r in g  a n a e ro b ic  g l y c o l y s i s ;  a la n in e  was form ed from  
p y ru v a te  by t r a n s a m in a t io n  and s u c c in a te  by  an a c t iv e  PEP c a rb o x y -  
k in a s e  l in k e d  t o  m a la te  d e h y d ro g e n a se . I t  i s  l i k e l y  t h a t  a  s i m i l a r  
pathw ay i s  r e s p o n s i b le  f o r  th e  a c c u m u la tio n  o f  a la n in e  by  M. aAftnaJvLa 
g i l l  t i s s u e  u n d e r  a n a e ro b ic  c o n d i t io n s .
The ch an g es  i n  th e  c o n c e n t r a t io n s  o f  a s p a r t a t e  and  a la n in e  
a re  q u i t e  s i m i l a r  d u r in g  in c u b a t io n  u n d e r  a n a e ro b ic  c o n d i t io n s  
and in c r e a s e d  s a l i n i t y  o r  b o th .  A lth o u g h  th e  changes i n  t h e  
q u a n t i t i e s  o f  th e  FAA in v o lv e d  a r e  n o t  th e  sam e, i t  i s  q u i t e  
e v id e n t  t h a t  th e  r e s p o n s e  o f  th e  FAA p o o l  t o  a n a e ro b ic  i n c u b a t io n  
c o n d i t io n s  m im ics t h e  r e s p o n s e  s t im u la te d  by  an in c r e a s e  i n  t h e  
s a l i n i t y  o f  th e  i n c u b a t io n  medium.
The above o b s e r v a t io n s  may be  i n  c o n f l i c t  w i th  some o f  
th e  c o n c ep ts  p e r t a i n i n g  t o  t h e  s t im u lu s  in v o lv e d  in  th e  a d ju s tm e n t  
o f  th e  FAA p o o l  u n d e r  c h a n g in g  o sm o tic  o r  io n ic  e n v iro n m e n ts .
Changes in  e x t e r n a l  o s m o la r i ty  h av e  b een  commonly c o n s id e r e d  as 
e f f e c t i v e ;  h o w ev er, t h i s  in f o r m a t io n  m ust b e  t r a n s m i t t e d  t o  th e  
e f f e c t i v e  m e ta b o lic  s i t e s  w i th in  th e  c e l l .  K a n e sh iro  et_ al_
(1 9 6 9 ) i n  e x p e r im e n ts  u s in g  a  s e a w a te r - s u c ro s e  m ix tu r e ,  r e p o r t e d  
t h a t  th e  changes i n  th e  FAA c o n c e n t r a t io n  o b se rv e d  in  th e  m arin e  
c i l i a t e  ficm-ie.ni-c6 avdduA w ere  a  r e s p o n s e  t o  changes i n  o s m o la r i ty
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and  n o t  t o  changes i n  th e  io n ic  s t r e n g t h  o r  c o n c e n t r a t io n  o f  
i n d iv i d u a l  i o n s .  On th e  o th e r  h a n d , S c h o f f e n i e l s  ( i 9 6 0 ) o b ta in e d  
r e s u l t s  u s in g  i s o l a t e d  n e rv e  t i s s u e  o f  EAA.OC.heMi 6-tnen6-Ci 
i n d i c a t i n g  t h a t  th e  FAA. c o n te n t  was n o t  r e l a t e d  t o  th e  o sm o tic  
p r e s s u r e  o f  th e  in c u b a t in g  medium m o d if ie d  by  s u c r o s e .
I t  a p p e a rs  to  b e  l o g i c a l  t h a t  when c e l l s  a re  f a c e d  w ith  
an o sm o tic  s t r e s s , th e  f i r s t  r e a c t i o n  c o n s i s t s  o f  a  g a in  o r  l o s s  o f  
w a te r  a c c o rd in g  t o  th e  o sm o tic  g r a d i e n t .  The e x te n t  o f  th e  sub ­
s e q u e n t volum e r e g u l a t i o n  i s  v i r t u a l l y  e x p r e s s e d  b y  th e  c a p a c i ty  f o r  
is o s m o tic  i n t r a c e l l u l a r  r e g u la t i o n  and t h e  i n i t i a l  g a in  o r  l o s s  o f  
t i s s u e  w a te r  w ould in c r e a s e  o r d e c re a s e  i o n i c  c o n c e n t r a t io n s  w h ich  
may o r  may n o t e f f e c t  enzy m atic  r e a c t i o n s .  T h is  c h a in  o f  e v e n ts  
c o u ld  e a s i l y  b e  th e  e f f e c t i v e  one i n  t r a n s m i t t i n g  th e  in fo r m a t io n  
c o n c e rn in g  th e  o sm o tic  c o n d it io n  o f  th e  e n v iro n m e n t t o  w i th in  th e  
c e l l .  T h is  scheme becomes more r e a l i s t i c  in  v iew  o f  t h e  r e p o r te d  
Ln vaJA.0 i n s e n s i t i v i t y  o f  th e  a m in o tr a n s f e r a s e s  t o  NaCl c o n c e n t r a t io n  
changes (C h a p lin  e t  a l , 19 6 6 ; G i l l e s , 1 9 6 9 ) b u t ,  a s  shown i n  t h i s  
r e p o r t ,  t h e  I n  vZvo  s e n s i t i v i t y  t o  o s m o tic  c h a n g e s . The r e s u l t s  o f  
th e  i s o l a t e d  g i l l  t i s s u e  in c u b a t io n s  show a  d e c re a s e d  w a te r  c o n te n t  
o f  M. aAe.n(Vu.CL g i l l  t i s s u e  u n d e r e i t h e r  c o n d i t io n s  o f  in c r e a s e d  
s a l i n i t y  o r  a n a e ro b ic  in c u b a t io n  c o n d i t i o n s .  In  e i t h e r  c a s e ,  th e  
t i s s u e  re s p o n d s  w ith  in c r e a s e d  amino a c id  s y n th e s i s  w hich  s u p p o r ts  
th e  id e a  t h a t  a  l o s s  o f  t i s s u e  w a te r  i s  t h e  f i r s t  i n t e r n a l  e f f e c t  o f  
th e  in c r e a s e d  s a l i n i t y  and t h i s  may b e  th e  s t im u lu s  in v o lv e d  in  
e l i c i t i n g  th e  r e s p o n s e  t o  such  a c h a n g e .
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The r e a s o n  why g i l l  t i s s u e  l o s e s  a p p ro x im a te ly  2% o f  
i t s  t i s s u e  w a te r  u n d e r  a n a e ro b ic  c o n d i t io n s  i s  n o t  c l e a r  e s p e c i a l l y  
s in c e  th e  t i s s u e s  s h o u ld  be i s o s m o tic  t o  th e  in c u b a t io n  medium.
I t  may be t h a t  th e  a n a e r o b ic  c o n d i t io n  o f  th e  in c u b a t io n  medium 
cau sed  a  change i n  t h e  p e r m e a b i l i t y  o f  th e  c e l l  membrane. What 
e f f e c t  t h i s  re s p o n s e  t o  a n a e ro b ic  c o n d i t io n s  may have u n d e r  n a t u r a l  
c o n d it io n s  i s  s p e c u l a t i v e  b u t  i n  t h i s  r e s p e c t  i t  sh o u ld  b e  m en tio n e d  
b e c a u se  M. CVuzvuViLa i n h a b i t s  e n v iro n m e n ts  t h a t  may f r e q u e n t ly  
be  s u b je c t  to  low  oxygen t e n s io n s  and  a n o x ic  c o n d i t io n s .
N o n e th e le s s ,  as a  r e s u l t  o f  t h i s  s tu d y ,  i t  can  b e  c o n c lu d e d  
t h a t  th e  a c c u m u la tio n  o f  FAA i n  i s o l a t e d  g i l l  t i s s u e  o f  m arin e  
m o llu s c s  i s  s i m i l a r  t o  t h a t  fo u n d  i n  i n t a c t  a n im a ls . T h is  v a l i d a t e s  
th e  u s e  o f  i s o l a t e d  t i s s u e  f o r  f u r t h e r  s tu d i e s  p e r t a in i n g  t o  th e  
is o s m o tic  i n t r a c e l l u l a r  r e g u l a t i o n  i n  m arin e  m o llu s c s .  S c h i ie p e r  
(1 9 6 6 ) d i s c u s s in g  t h e  u s e  o f  m o llu sc a n  g i l l  t i s s u e  to  i n v e s t i g a t e  
th e  p h y s io lo g ic a l  c e l l u l a r  a d a p ta t io n s  t o  t h e  p h y s ic o -c h e m ic a l  
e n v iro n m e n t, s t a t e d  t h a t  c e l l  p h y s io l o g i c a l  a d a p ta t io n s  a r e  a lw ays 
th e  b a s i s  f o r  th e  s u r v i v a l  o f  m arin e  s p e c ie s  u n d e r ch a n g in g  e n v i r o n ­
m e n ta l c o n d i t io n s  an d  a r e  th e  p r e r e q u i s i t e s  f o r  th e  deve lopm en t 
and th e  f u n c t io n in g  o f  s p e c i a l  o rg a n  p h y s io lo g ic a l  a d a p ta t io n s  and 
o f  th o s e  a d a p ta t io n s  w h ich  co m p rise  t h e  w hole o rg an ism .
DuPaul and  Webb (1970) p o s t u l a t e d  t h a t  th e  c o r r e l a t i o n  
betw een  th e  changes i n  t h e  c o n c e n t r a t io n  o f  a s p a r t a t e  and a la n in e  
in  m usc le  t i s s u e  o f  M. aA nna/bia . i n  re s p o n s e  t o  an i n c r e a s e  i n
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s a l i n i t y  may hav e  been  th e  r e s u l t  o f  a  3- d e c a r b o x y la t io n  o f  
a s p a r t a t e  to  form  a la n in e .  G i l l e s  a n d  S c h o f f e n ie l s  (1 9 6 6 ) r e p o r te d  
th e  e x is t e n c e  o f  an a s p a r t i c  a c id  d e c a rb o x y la s e  i n  m u sc le  t i s s u e  
o f  HomcUtiU vutgcVuA  and A itacuA  faZuvZatUUA. They fo und  t h a t  
d u r in g  in c u b a t io n s  w ith  a s p a r t a t e - ^ - ^ C , B - a la n i n e - ^ C  was form ed 
and d u r in g  in c u b a t io n s  w ith  a s p a r t a t e - l - ^ ^ C  a l a n i n e - ^ C  was 
fo rm ed . I t  was a l s o  r e p o r te d  t h a t  t h e  -^COg e v o lv e d  was in  
e x c e s s  o f  w hat c o u ld  hav e  b e e n  c o n t r ib u te d  by  an o x a lo a c e ta te  
d e c a rb o x y la s e  a l s o  found i n  H. vuiga/uA  and A. ^Z u v-id tZ tiA . I t  
was n o t known i f  th e  same enzyme f a c i l i t a t e d  b o th  th e  C - l  and C-U 
d e c a r b o x y la t io n  o f  a s p a r t a t e  o r  i f  d i f f e r e n t  enzym es w ere  re s p o n ­
s i b l e  f o r  e a ch  d e c a r b o x y la t io n .
In  t h i s  p r e s e n t  s tu d y ,  a n a ly s i s  o f  M. aJiznaJvia. and 
M. meAcena/iZa g i l l  t i s s u e  in c u b a te d  w ith  a s p a r ta te - U - - ^ C  and  
a s p a r ta te - U - l^ C  and S. AolZdiAAZrna g i l l  t i s s u e  in c u b a te d  w i th  
aspartate-U --*-^C  r e v e a le d  t h a t  t h e r e  was no 3 - a l a n i n e - ^ C  i n  th e  
t i s s u e  e th a n o l  e x t r a c t s  r e g a r d l e s s  o f  th e  e x p e r im e n ta l  c o n d i t io n s .  
As a  r e s u l t  o f  th e s e  o b s e r v a t io n s , i t  can  be  c o n c lu d e d  t h a t  th e r e  
i s  no C - l  a s p a r t a t e  d e c a rb o x y la s e  a c t i v e  i n  t h e  g i l l  t i s s u e  o f  
M. aJimaJiloL, M. meAc.£ncvUa and 5 . AoZlcLiAAma.
I n c u b a t io n s  o f  M. a/iencwXa and M. meJic&nasvia. g i l l  t i s s u e  
w i th  a s p a r t a t e - ^ - r e s u l t e d  i n  t h e  p r o d u c t io n  o f  r e l a t i v e l y  
l a r g e  q u a n t i t i e s  o f  -^CC^ and  upon f i r s t  e x a m in a t io n  i t  w ould  
a p p e a r  l i k e l y  t h a t  a C-lt a s p a r t a t e  d e c a rb o x y la s e  d o es  e x i s t  i n  th e
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g i l l  t i s s u e .  H ow ever, a  m ore d e t a i l e d  e x a m in a tio n  o f  t h e  d a t a  
(T a b le  1 ^ )  an d  c o n s id e r a t io n s  in v o lv in g  th e  r e s u l t s  o b ta in e d  
i n  o t h e r  s e c t i o n s  o f  t h i s  s tu d y ,  l e a d  t o  a  d i f f e r e n t  c o n c lu s io n .
The f o l lo w in g  c o n s id e r a t io n s  hav e  l e d  to  th e  c o n c lu s io n  t h a t  
a s p a r t a t e  i s  n o t  b e in g  d i r e c t l y  d e c a rb o x y la te d  b u t  r a t h e r  i t  
i n i t i a l l y  p a r t i c i p a t e s  i n  a  t r a n s a m in a t io n  ( a s p a r t a t e  AT) t o  form  
o x a lo a c e ta t e  w h ich  i n  t u r n  i s  d e c a rb o x y la te d  a t  th e  U-C o r  t h e  
1 —C and  U-C o f  o x a lo a c e ta t e  a r e  random ized  v i a  m a la te  ^ z z ^ fu m a ra te  
and  th e n  d e c a r b o x y la te d :
1 . The p e rc e n ta g e  u p ta k e  as 1^C02 e v o lv e d  w i th  a s p a r t a t e  
-1 - -^ C  a s  a  s u b s t r a t e  was 8.2$? f o r  M. dfie.nafu.CL and 3.3% f o r  M. 
m eJic.e .nafvia . I t  f o llo w s  t h a t ,  i f  t h e  1-C o f  a s p a r t a t e -  1 - ^ C  was 
d e c a r b o x y la te d ,  th e  r a t e  o f  d e c a r b o x y la t io n  w ould  b e  th e  same w ith  
aspartate-l+ --* -^C  an d  3-8% o f  t h e  a s p a r t a t e  u p ta k e  w ou ld  a p p e a r  as  
8 - a l a n i n e - ^ C .  H ow ever, no 8 - a l a n i n e - ^ C  was d e te c te d  and  th e  
-*-^C02 e v o lv e d  from  a s p a r ta te - l - ^ - ^ C  m ust have b e e n  t h e  r e s u l t  o f
a  4-C d e c a r b o x y la t io n  o f  1-C  and  U-C random ized  o x a lo a c e t a t e .
2 . In  th e  in c u b a t io n s  w ith  a sp arta te -U --* -^ C , th e  
e v o lv e d  c o n s t i t u t e d  1 2 .6  t o  13.3% o f  th e  a s p a r t a t e  u p ta k e .  A ssum ing 
t h a t  d u r in g  in c u b a t io n s  w ith  a s p a r ta te - l -^ - ^ C  th e  C-^ a s p a r t a t e  
d e c a r b o x y la t io n  ( i f  i t  d id  in d e e d  e x i s t )  would ta k e  p la c e  a t  th e  
same r a t e  a n d , as a  r e s u l t ,  12-1^% o f  th e  a s p a r t a t e  u p ta k e  w ould
be  p r e s e n t  as a la n in e -^ -^ C . H ow ever, o n ly  0 .5  t o  7*8% o f  th.e 
a s p a r t a t e  u p ta k e  was p r e s e n t  a s  a la n in e .
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3. Hie p re s e n c e  o f  s u b s t a n t i a l  q u a n t i t i e s  o f  g lu ta m a te --^ C  
in  t i s s u e  in c u b a te d  w ith  a s p a r t a t e - l - ^ C  and  th e  p re s e n c e  o f  
s u b s t a n t i a l  q u a n t i t i e s  o f  alanine--*-^C i n  t i s s u e  in c u b a te d  w i th  
aspartate-i+--*-^C  i n d ic a te s  t h a t  a  s i g n i f i c a n t  p o r t i o n  o f  th e  
o x a lo a c e ta te  underw en t a  1-C and U-C r a n d o m iz a t io n .
U. The q u a n t i ty  o f  -^COg e v o lv e d  from  th e  in c u b a t io n s  w ith  
a s p a r t a t e - l - ^ C ,  w hich  can b e  u s e d  as a  r e l a t i v e  i n d i c a t i o n  o f  th e  
amount o f  1-C and U-C ra n d o m iz a t io n  o f  th e  o x a lo a c e ta t e  t a k in g  p l a c e ,  
i s  more th a n  a d e q u a te  t o  a c c o u n t f o r  t h e  q u a n t i t y  o f  r a d i o a c t i v i t y  
p r e s e n t  i n  th e  compounds t h a t  c o u ld  o n ly  becom e l a b e l e d  by  th e  
ra n d o m iz a t io n  o f  th e  1-C and H-C o f  o x a lo a c e ta t e  (g lu tam ate-^-^C  
from  a s p a r t a t e - l - - ^ C  and  a l a n i n e - ^ C  fro m  a s p a r t a t e - l - ^ - ^ C ).
5. The e x is t e n c e  o f  e n z y m a tic  p a th w ay s t h a t  w ould  m ed ia te  
th e  r e a c t i o n s  o b se rv e d  i n  t h i s  s tu d y  ( a s p a r t a t e  AT, a la n in e  AT and 
o x a lo a c e ta te  d e c a rb o x y la se  as  PEP c a rb o x y k in a s e  and  p y ru v a te  
c a r b o x y la s e ).
The e f f e c t  o f  s a l i n i t y  on t h e  d i s t r i b u t i o n  o f  r a d i o ­
a c t i v i t y ,  o r i g i n a t i n g  as  - ^ C - a s p a r t a t e ,  in  t h e  FAA and  K rebs 
c y c le  in te r m e d ia te s  i n  g i l l  t i s s u e  o f  M. aAQMCUvia, M. mQACZYKWLa. 
and S . &oLixLLi>i,-ima. was s i m i l a r  f o r  th e  t h r e e  b i v a l v e s .  In  a l l  
e x p e r im e n ts  w here t h e r e  was an i n c r e a s e  i n  th e  s a l i n i t y  o f  th e  
in c u b a t io n  medium, th e  p e rc e n ta g e  u p ta k e  a s  a la n in e  i n c r e a s e d ,  
t h a t  o f  g lu ta m ic  a c id  d e c re a s e d  a n d  t h a t  a s  a s p a r t a t e  was lo w er 
th a n  i n  in c u b a t io n  c o n d i t io n s  a t  th e  a c c l im a t io n  s a l i n i t i e s .
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These o b s e r v a t io n s  i n d i c a t e  t h a t  t h e  a s p a r t a t e  p o o l i s  tu r n e d  o v e r  
v i a  a  t r a n s a m in a t io n  t o  o x a lo a c e ta te  a t  a  g r e a t e r  r a t e  d u r in g  
c o n d i t io n s  o f  i n c r e a s e d  s a l i n i t y  a n d , t h e  o x a lo a c e ta t e  form ed i s  
p r e f e r e n t i a l l y  d e c a r b o x y la te d  r a t h e r  th a n  e n te r in g  t h e  K rebs 
c y c le .  The p e r c e n ta g e  u p ta k e  as g lu ta m ic  a c id  was s u b s t a n t i a l l y  
l e s s  u n d e r  c o n d i t io n s  o f  in c r e a s e d  s a l i n i t y  th a n  a t  th e  a c c l im a t io n  
s a l i n i t i e s  and  th e  i n c r e a s e  in  t h e  q u a n t i ty  o f  COg e v o lv e d  w i th  
a s p a r ta te - l+ - -^ C  d u r in g  c o n d i t io n s  o f  in c r e a s e d  s a l i n i t y  was g r e a t e r  
th a n  th e  i n c r e a s e  o f  "^COg e v o lv e d  w ith  a s p a r t a t e - l - ^ C  d u r in g  
c o n d i t io n s  o f  i n c r e a s e d  s a l i n i t y .
T here  i s  an  i n d i c a t i o n  t h a t  th e  r a n d o m iz a t io n  o f  th e  C - l  
and C—1+ o f  o x a lo a c e ta t e  was g r e a t e r  d u r in g  c o n d i t io n s  o f  i n c r e a s e d  
s a l i n i t y  th a n  a t  a c c l im a t io n  o r  d e c re a s e d  s a l i n i t y .  The p e r ­
c e n ta g e  u p ta k e  as a l a n i n e  w ith  a s p a r t a t e - ^ - ^ C  as  a  s u b s t r a t e  
was much g r e a t e r  u n d e r  c o n d it io n s  o f  in c r e a s e d  s a l i n i t y .  A ls o , 
th e  p e rc e n ta g e  u p ta k e  a s  th e  f u m a r a te - s u c c in a te  f r a c t i o n  i n  
g i l l  t i s s u e  i n c u b a te d  w i th  a s p a r t a t e - U - ^ C  was s u b s t a n t i a l l y  
g r e a t e r  d u r in g  c o n d i t io n s  o f  in c r e a s e d  s a l i n i t y  th a n  a t  t h e  
a c c l im a t io n  s a l i n i t i e s .  To o b ta in  l a b e l e d  a la n in e  from  a s p a r t a t e  
b y  th e  m e ta b o l ic  pathw ays d i s c u s s e d  h e r e ,  t h e r e  m ust be  
a  r a n d o m iz a t io n  o f  t h e  C - l  and C -k  o f  o x a lo a c e ta t e .  T h e r e f o r e ,  
th e  g r e a t e r  q u a n t i t y  o f  r a d i o a c t i v i t y  i n  th e  f u m a r a te - s u c c in a te  
f r a c t i o n  d u r in g  c o n d i t io n s  o f  in c r e a s e d  s a l i n i t y  c o u ld  be 
i n t e r p r e t e d  as in  i n c r e a s e  in  th e  r a t e  o f  th e  C - l  a n d  C-U
73
ra n d o m iz a t io n  o f  o x a lo a c e ta te .  A d d i t io n a l  e v id e n c e  f o r  th e  in c r e a s e d  
ra n d o m iz a t io n  and d e c a r b o x y la t io n  o f  o x a lo a c e ta te  u n d e r  c o n d it io n s  
o f  in c r e a s e d  s a l i n i t y  i s  p r e s e n te d  i n  T ab le  17 . F o r b o th  M. 
a J izn a fu jx  and M. mQAc.tnoJiA.ci, t h e  p e rc e n ta g e  u p ta k e  as  ^C O p ev o lv ed  
w ith  a s p a r t a t e - l - l ^ C  as a  s u b s t r a t e  was s u b s t a n t i a l l y  g r e a t e r  u n d e r 
c o n d i t io n s  o f  in c re a s e d  s a l i n i t y  as com pared t o  c o n d i t io n s  o f  
a c c l im a t io n  o r  d e c re a se d  s a l i n i t y .
I t  i s  e v id e n t  t h a t  t h e  a l a n in e  u se d  i n  th e  p ro c e s s  o f  
i s o s m o tic  i n t r a c e l l u l a r  r e g u l a t i o n  o r i g i n a t e s  m a in ly  from  p y ru v a te  
v i a  a  t r a n s a m in a t io n .  The in p u t  o f  p y r u v a te  f o r  t h i s  p u rp o se  
can  come from  th e  g l y c o l y t i c  p a th w ay  and from  a  d e c a r b o x y la t io n  
o f  o x a lo a c e ta t e  w hich can  be  o b ta in e d  from  th e  K rebs c y c le  and 
th e  t r a n s a m in a t io n  o f  a s p a r t a t e .  I f ,  as a  r e s p o n s e  t o  an in c r e a s e  
i n  s a l i n i t y ,  th e  i n t r a c e l l u l a r  p o o ls  o f  p y r u v a te  and o x a lo a c e ta te  
a r e  u t i l i z e d  in  su ch  a  way as t o  change  th e  r a t e  and d i r e c t i o n  o f  
t h e  m e ta b o lic  pathw ays in v o lv e d  i n  t h e i r  s y n th e s i s  and d e g ra d a tio n  
th e  e x p la n a t io n  a s  to  t h e  r o l e  o f  a s p a r t i c  a c id  in  t h e  p ro c e s s  o f  
i s o s m o tic  i n t r a c e l l u l a r  r e g u l a t i o n  i s  made more c l e a r .
The changes o b s e rv e d  i n  t h e  c o n c e n t r a t io n  o f  a s p a r t i c  
a c id  i n  r e s p o n s e  t o  a s a l i n i t y  i n c r e a s e  may n o t  b e  due t o  th e  
d i r e c t  s y n th e s i s  o f  a la n in e  from  a s p a r t a t e  b u t  a re  th e  r e s u l t  
o f  t h e  changes in  th e  m e ta b o lic  p a th w ay s  and p o o ls  o f  o x a lo a c e ta te  
( d e c a r b o x y la t io n )  and p y r u v a te  ( t r a n s a m in a t io n )  u t i l i z e d  fo r  th e  
s y n th e s i s  o f  a la n in e .  As th e  r e s u l t  o f  a  d e p le te d  o r  o v e r - u t i l i z e d
o x a lo a c e ta t e  p o o l ,  th e  a s p a r t a t e  AT c o u ld  th e n  f a v o r  th e  t r a n s ­
a m in a tio n  o f  a s p a r t a t e  t o  o x a lo a c e ta te .  The f a c t  t h a t  t h e r e  i s  
no r e a l  i n c r e a s e  i n  t h e  a s p a r t a t e  AT a c t i v i t y  t o  accom pany th e  
in c r e a s e d  t r a n s a m in a t io n  o f  a s p a r t a t e  co u ld  b e  an i n d i c a t i o n  t h a t  
th e  t r a n s a m in a t io n  o f  a s p a r t a t e  may be th e  r e s u l t  o f  an e q u i l ib r iu m  
change c a u se d  by  a  d e p le t e d  o x a lo a c e ta te  p o o l .  T h ere  i s  no 
a d v a n ta g e  from  an o s m o re g u la to ry  p o in t  o f  v iew  t o  s u b s t i t u t e  one 
o s m o t ic a l ly  a c t i v e  s u b s ta n c e  ( a s p a r t a t e )  fo r  a n o th e r  ( a l a n in e )  
as t h e r e  i s  no n e t  g a in .
In  v iew  o f  th e  t r a n s i t o r y  changes i n  th e  a s p a r t a t e  and 
a la n in e  c o n c e n t r a t i o n s ,  t h e  e v e n tu a l  re c o v e ry  o f  t h e  a s p a r t a t e  
c o n c e n t r a t io n  a t  th e  end o f  th e  e x p e rim e n ts  and  a f t e r  c o m p le te  
a d a p ta t i o n  t o  h ig h e r  s a l i n i t i e s  (V irk a r  and Webb, 1970) and  t h e  
o b s e r v a t io n s  p u t  f o r t h  i n  t h i s  s tu d y ,  i t  i s  p r o b a b le  t h a t  th e  
i n i t i a l  i n c r e a s e  i n  th e  a la n in e  c o n c e n t r a t io n  o r  th e  " f a s t "  
com ponent i n  th e  p r o c e s s  o f  FAA ac cu m u la tio n  i s  d e p e n d en t upon  
o x a lo a c e ta t e  o b ta in e d  p r im a r i l y  from  th e  Krebs c y c le  and 
s e c o n d a r i l y  from  a s p a r t i c  a c id .  The "slow " com ponen t, whiclL i s  
p ro b a b ly  m ore e f f e c t i v e  a f t e r  th e  t r a n s i t o r y  d e c re a s e  i n  t h e  con­
c e n t r a t i o n  o f  a l a n in e  and a t  w hich  tim e  th e  c o n c e n t r a t io n  o f  
a s p a r t i c  a c id  i n c r e a s e s  t o  b a s e l i n e  l e v e l s  may w e l l  b e  t h e  r e s u l t  
o f  an i n c r e a s e d  i n p u t  o f  p y ru v a te  from  th e  g l y c o l y t i c  pa thw ay  
th u s  a l lo w in g  th e  o x a lo a c e ta t e  and a s p a r t a t e  p o o ls  t o  r e c o v e r  
t o  t h e i r  i n i t i a l  c o n c e n t r a t io n  (se e  DuPaul and Webb, 1 9 7 0 ) . The
r a t e  o f  a la n in e  fo rm a tio n  m ust b e  e v e n tu a l l y  d i c t a t e d  by th e  r a t e  
o f  g ly c o ly s i s  (Chen and A w apara, 1969) i s ncrt known to
w hat e x te n t  th e  g l y c o l y t i c  pa thw ay  i s  e f f e c t i v e  in  th e  p ro d u c t io n  
o f  p y ru v a te  f o r  t h e  s y n th e s i s  o f  a l a n in e  d u r in g  th e  i n i t i a l  re s p o n s e  
t o  th e  in c r e a s e d  o sm o tic  p r e s s u r e  o f  th e  e n v iro n m e n t.
I t  i s  l i k e l y  t h a t  t h e  r a p i d  i n c r e a s e  in  th e  s a l i n i t y  o f
th e  in c u b a t io n  medium in v o k e s  a  r a p i d  i n c r e a s e  in  th e  c o n c e n t r a t io n
o f  o s m o t ic a l ly  a c t i v e  s u b s ta n c e s  t o  p r e v e n t  e x c e s s iv e  d e h y d ra t io n  
o f  th e  g i l l  t i s s u e .  As a  r e s u l t ,  t h e  p o o ls  o f  o x a lo a c e ta te  and 
p y ru v a te  a re  u t i l i z e d  and p ro b a b ly  d e p le te d  d u r in g  th e  c o u rs e  o f  
th e  i n i t i a l  a la n in e  p r o d u c t io n  and c o n s e q u e n t ly  l e s s  o x a lo a c e ta te  
and p y ru v a te  a r e  a v a i l a b l e  f o r  p a r t i c i p a t i o n  i n  th e  Krebs c y c le .
The o b s e rv a t io n  t h a t  th e  p e rc e n ta g e  u p ta k e  a s  g lu ta m a te  was 
a lw ays l e s s  and th e  d e c a r b o x y la t io n  o f  o x a lo a c e ta t e  was a lw ays 
g r e a t e r  u n d e r  c o n d i t io n s  o f  in c r e a s e d  s a l i n i t y  as  com pared t o  th e  
a c c l im a t io n  s a l i n i t y  s u p p o r ts  th e  above s u p p o s i t io n  in  t h a t  
some o f  th e  a v a i l a b l e  o x a lo a c e ta te  i s  p r e f e r e n t i a l l y  sh u n te d
from  p a r t i c i p a t i o n  i n  th e  K rebs c y c le  and i s  u t i l i z e d  f o r  th e
p ro d u c t io n  o f  a l a n in e .  The r e p o r t  t h a t  oxygen  consum ption  in  
g i l l  t i s s u e  o f  M. meAC-tmaSiLa. i s  i n v e r s e l y  r e l a t e d  t o  s a l i n i t y  
(H o p k in s , 19^6) i s  n o t u n r e a l i s t i c  i n  v iew  o f  th e  above in fo r m a t io n .  
H ow ever, th e  s y n th e s i s  by  m arin e  i n v e r t e b r a t e s  o f  a  v a r i e t y  o f  
FAA f o r  o sm o re g u la to ry  p u rp o se s  by  u t i l i z i n g  m e ta b o lic  pa thw ays 
and m e ta b o l i te s  r e l a t e d  t o  th e  K rebs c y c le  may be t h e  so u rc e  o f
t h e  d i s p a r i t y  p e r t a i n i n g  to  t h e  r e l a t i o n s h i p  be tw een  r e s p i r a t i o n  
and  o s m o re g u la t io n  ( s e e  P o t t s  and  P a r r y ,  196*0.
The e f f e c t  o f  s a l i n i t y  on th e  d i s t r i b u t i o n  o f  r a d i o ­
a c t i v i t y  i n  t h e  K rebs c y c le  i n te r m e d ia t e s  i s  v a r i a b l e .  The p e r ­
c e n ta g e  u p ta k e  as m a la te  an d  f u m a r a te - s u c c in a te  i n  S . &oZMLUs&<una 
and  M. meAcz.no/iia g i l l  t i s s u e  in c u b a te d  w ith  a s p a r t a t e - U - ^ C  
in c r e a s e d  d u r in g  c o n d i t io n s  o f  in c r e a s e d  s a l i n i t y  w h ereas  o n ly  th e  
p e rc e n ta g e  u p ta k e  as  f u m a r a te - s u c c in a te  in c r e a s e d  i n  th e  g i l l  t i s s u e  
o f  M. OAZna/iia. T hese  o b s e r v a t io n s  may be an  i n d i c a t i o n  o f  t h e  
in c r e a s e d  ra n d o m iz a t io n  o f  t h e  1-C  and  k -C o f  o x a lo a c e ta t e .  The 
r a d i o a c t i v i t y  i n  t h e  o rg a n ic  a c id  and  k e to  a c id  f r a c t i o n  r a p i d l y  
d e c re a s e s  w i th  i n c r e a s i n g  in c u b a t io n  tim e  w hich  i s  an i n d i c a t i o n  
o f  a  r a p id  t u r n o v e r  o f  t h e s e  p o o l s .  S in ce  th e r e  a r e  no d a ta  
p e r t a i n i n g  t o  th e  r e l a t i v e  s i z e  o f  th e  o rg a n ic  a c id  and k e to  a c id  
p o o l s ,  t h e s e  o b s e r v a t io n s  h a v e  l i m i t e d  v a lu e .
The p e r c e n ta g e  u p ta k e  a s  t h e  f u m a r a te - s u c c in a te  f r a c t i o n  
in  th e  g i l l  t i s s u e s  o f  th e  t h r e e  b iv a lv e s  s tu d ie d  i n c r e a s e d  
s i g n i f i c a n t l y  d u r in g  a n a e ro b ic  in c u b a t io n  c o n d i t io n s .  T h is  
o b s e r v a t io n  was n o t u n e x p e c te d  i n  v iew  o f  t h e  c u r r e n t  l i t e r a t u r e  
on th e  a n a e r o b ic  m e ta b o lis m  o f  m arin e  i n v e r t e b r a t e s  (A w apara and  
S im pson, 1967; S to k e s  and  A w apara , 1 9 6 8 ; Hammen 1969 a , b ;  Chen 
and  A w apara, 1 9 6 9 ; S a z , 1 9 7 0 ) . P hosphoeno l p y ru v a te  and p y r u v a te ,  
as p ro d u c ts  o f  g l y c o l y s i s , a r e  c a rb o x y la te d  to  fo rm  o x a lo a c e ta t e  
w hich  i n  t u r n  p a r t i c i p a t e s  i n  t h e  r e d u c t iv e  r e a c t i o n s :  o x a lo a c e ta t e
,— n s u c c in a te  v i a  m a la te  and fu m a ra te . In  a d d i t io n  t o  s u c c i n a t e ,
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S to k e s  and A w apara (1968) found  an e q u im o la r  q u a n t i t y  o f  a la n in e  
as th e  end  p ro d u c ts  o f  g lu c o s e  breakdow n i n  Rang-ta. cum ^a ta  u n d e r  
a n a e ro b ic  c o n d i t io n s .  The p ro d u c t io n  o f  a la n in e  was a t t r i b u t e d  
t o  th e  t r a n s a m in a t io n  o f  p y r u v a te .
In  th e  g i l l  t i s s u e s  o f  M. asiZ.naAia and M. meAcena/tla 
in c u b a te d  w ith  a s p a r t a t e - ^ - ^ C  u n d e r  a n a e r o b ic  c o n d i t io n s  t h e  
p e rc e n ta g e  u p ta k e  as  t h e  f u m a r a te - s u c c in a te  f r a c t i o n  in c r e a s e d  
from  0 .2  t o  8.5% and  from  0 .5  t o  5-7% r e s p e c t i v e l y  b u t  t h e r e  was 
no in c r e a s e  i n  t h e  p e rc e n ta g e  u p ta k e  a s  a l a n i n e .  T hese o b s e r ­
v a t io n s  a r e  n o t  i n c o n s i s t e n t  w ith  t h e  a n a e ro b ic  pa thw ay  p o s ­
t u l a t e d  by  S to k e s  and Awapara (1968) and Chen and Aw apara (1969) 
f o r  R. cune.ata s in c e  th e  C-U o f  o x a lo a c e ta t e  w ould  re m a in  i n a c t  
upon s u c c in a te  a c c u m u la tio n  b u t  th e  C-1+ o f  o x a lo a c e ta t e  w ould  
be  l o s t  i n  th e  p ro c e s s  o f  a la n in e  a c c u m u la tio n  v i a  p y r u v a te .
I n  th e  g i l l  t i s s u e s  o f  S. 6oZ^djJ>i>4ma. in c u b a te d  w i th  
a s p a r ta te - U - - ^ C  u n d e r  a n a e ro b ic  c o n d i t io n s  th e  p e rc e n ta g e  u p ta k e  
as t h e  f u m a r a te - s u c c in a te  f r a c t i o n  i n c r e a s e d  from  l .U  to  21.2% 
and  t h a t  f o r  th e  a la n in e  f r a c t i o n  in c r e a s e d  from  6 .7  t o  11.1% .
A g a in , t h e s e  r e s u l t s  a g re e  w i th  th e  m e ta b o lic  p a th w ay  p ro p o se d  f o r  
R. cun&ata. (S to k e s  and A w apara, 1968; Chen and A w apara , 1969) and  
f o r  o th e r  m a rin e  i n v e r t e b r a t e s  t h a t  b e h a v e  as  f a c u l a t i v e  a n a e ro b e s  
(A w apara and  S im pson , 1967; Chen and A w apara, 1 9 6 9 ) . Of i n t e r e s t  
t o  t h i s  s tu d y ,  M. aX.<Lna!\A.a. h a s  b een  c l a s s i f i e d  a s  a  f a c u l a t i v e  
a n a e ro b e  by  C o l l ip  (1921) and  l i k e w i s e ,  M. mQJicznaAAjOi by  D ugal (1 9 3 9 )-
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The c a p a c i ty  f o r  f a c u l a t i v e  a n a e r o b io s i s  i s  a  d i s t i n c t  a d a p t iv e  
a d v a n ta g e  t o  s e d e n ta ry  i n t e r t i d a l  m o llu s c s  s u b je c t  to  w ide 
f l u c t u a t i o n s  in  a v a i l a b l e  oxyg en . H ow ever, S . AoZZdLL&AZma., w hich  
i s  e x c lu s iv e ly  fo u n d  i n  s u b t i d a l  h ig h  s a l i n i t y  and u s u a l ly  w e l l  
o x y g e n a te d  e n v iro n m e n ts , d e m o n s tra te s  th e  same p a t t e r n  o f  r e s p o n s e  
i n  FAA. to  a n a e ro b ic  c o n d i t io n s  a s  o th e r  b iv a lv e  m o llu sc s  w h ich  
a r e  known f a c u l a t i v e  a n a e ro b e s .  I t  a p p e a rs  t h a t  f a c u l a t i v e  
a n a e r o b io s i s  i n  m a rin e  b iv a lv e s  may b e  w id e ly  d i s t r i b u t e d  and n o t 
c o n f in e d  t o  m o llu s c s  fo u n d  i n  e n v iro n m e n ts  s u b je c t  to  a n a e ro b ic  
c o n d i t io n s .
In  th e  same s e n s e ,  S . &oLLdLL&t>AJn<x i s  c o n s id e r e d  s te n o h a l in e  
as i t  i s  u s u a l ly  found  i n  o c e a n ic  s a l i n i t i e s  y e t ,  a f t e r  a c c l im a t io n  
t o  a  lo w er s a l i n i t y ,  i t  r e s p o n d s  t o  an  in c r e a s e  i n  th e  e n v iro n m e n ta l  
s a l i n i t y  much i n  th e  same way a s  M. a A tn a A ia  and M. m<>A.c.g.n(Vuji 
w h ich  a re  d e c id e d ly  e u r y h a l in e .  H ow ever, i t  was o n ly  p o s s ib l e  to  
a c c l im a te  S . 6otZdc&6^dna t o  21 o /o o  s a l i n i t y  a t  te m p e ra tu re s  be low  
15 C w ith o u t  a h ig h  m o r t a l i t y  m aking  th e  a c c l im a t io n  p ro c e s s  
q u e s t io n a b le .  T here  i s  no r e a s o n  t o  b e l i e v e  t h a t  t h e  c a p a c i ty  
t o  a d ju s t  o s m o t ic a l ly  a c t i v e  c e l l u l a r  c o n s t i t u e n t s  i s  c o n f in e d  to  
e u ry h a l in e  i n v e r t e b r a t e s  a s  i s o s m o t ic  i n t r a c e l l u l a r  r e g u l a t i o n  
i s  c o n s id e r e d ,  i n  an e v o lu t io n a r y  s e n s e ,  p r im a t iv e .  Lange (1 9 6 8 , 
1 9 7 0 ) s t a t e d  t h a t ,  by  d e f i n i t i o n ,  i s o s m o tic  i n t r a c e l l u l a r  r e g u l a t i o n  
i s  a ls o  e x p e c te d  t o  b e  p r e s e n t  in  s te n o h a l in e  a n im a ls  and th e  
d i f f e r e n c e  be tw een  e u ry -  and s t e n o h a l in e  s p e c ie s  may depend p a r t l y
on th e  s a l i n i t y  ra n g e  i n  w hich th e  r e g u l a to r y  sy s te m  f u n c t io n s  
s a t i s f a c t o r i l y .
I t  i s  o b v io u s  t h a t  th e  l e v e l  and c o m p o s itio n  o f  t h e  FAA 
p o o l e f f e c t i v e  in  is o s m o tic  i n t r a c e l l u l a r  r e g u l a t i o n  a t  any tim e  
i s  th e  r e s u l t  o f  th e  f lu x  i n  and o u t o f  t h e  p o o l ;  t h i s  i s  t r u e  
no m a t te r  w hat th e  m echanism s a r e .  An in c r e a s e  i n  th e  c o n c e n t r a t io n  
o f  FAA c o u ld  r e s u l t  from  chang ing  r a t e s  o f  e i t h e r  in p u t  a n d /o r  
rem oval from  th e  p o o l .  Leakage as an  avenue o f  rem o v a l may be 
m o d if ie d  by  s a l i n i t y  s in c e  i t  has b e e n  r e p o r t e d  t h a t  FAA i n  b o th  
th e  t i s s u e s  and  th e  r e l e a s e  p ro d u c ts  o f  t h e  f la tw o rm  BdeZZouAa 
Candida i n c r e a s e  w ith  s a l i n i t y  b u t  n o t  a t  t h e  same r a t e s  (Jo h an n es  
e t  a l ,  1969)- Lang and G a in er (1969) u s in g  m u sc le  t i s s u e  from  
CaLU.ne.cZCA AapiduA fo und  t h a t  some o f  th e  o s m o t i c a l ly  a c t i v e  
FAA w ere  t r a n s p o r t e d  o u t o f  th e  c e l l  d u r in g  in c u b a t io n  i n  a  
d e c re a s e d  s a l i n i t y  and im p lie d  t h a t  t h i s  l o s s  was in  c o n ju n c t io n  
w ith  c e l l  volum e r e g u l a t i o n .  G i l le s  and S c h o f f e n i e l s  (1969) 
found  t h a t  some o f  th e  e s s e n t i a l  FAA such  a s  v a l i n e ,  t y r o s i n e  and 
le u c in e  i n  i s o l a t e d  n e rv e  t i s s u e  o f  EAiocheZA AZncnAAA a p p e a r  
to  be r e g u l a t e d  b y  m echanism s in v o lv in g  th e  p e r m e a b i l i t y  o f  th e  
n e rv e  m em brane. The c o n c e n t r a t io n s  o f  th e  n o n - e s s e n t i a l  FAA a r e  
r e g u l a t e d  by m o d if ic a t io n s  in  th e  m e ta b o lic  p a th w ay s r e s p o n s ib le  
f o r  th e  s y n th e s i s  and  d e g ra d a t io n  o f  th e s e  FAA.
V in c e n t-M ariq u e  and G i l le s  (1970) r e p o r t e d  t h a t  d u r in g  
h y p o -o sm o tic  s t r e s s  o f  E. AZncnAZi, t h e  g r e a t e r  p a r t  o f  th e
p r o l i n e  c o n c e n t r a t io n  i n  th e  t i s s u e s  was e x tru d e d  i n t o  th e  b lo o d  
w hereas th e  o th e r  q u a n t i t a t i v e l y  im p o r ta n t  amino a c id s  su ch  as 
t a u r i n e ,  g ly c in e  and a la n in e  w ere  n o t .  C i t in g  d a t a  from  Je u n ia u x  
and  F lo rk in  (1961) t h a t  90$ o f  th e  i n c r e a s e  o f  t h e  n i t r o g e n  
e x c r e t i o n  o b se rv e d  d u r in g  th e  a d a p ta t i o n  o f  E. t o  d i l u t e
m ed ia  can  be a c co u n te d  f o r  b y  NHg. V in c e n t-M a riq u e  and G i l le s
(1970) s t a t e d  t h a t  i t  was u n l i k e l y  t h a t  FAA w ere  e x c re te d  by 
E. AZnenAZi d u r in g  t h i s  ty p e  o f  a d a p ta t i o n .
Some FAA, r a t h e r  t h a n  b e in g  l o s t  t o  th e  env ironm en t 
u n d o u b te d ly  a re  in v o lv e d  i n  v a r io u s  m e ta b o lic  r e a c t i o n s ,  some o f  
w h ich  a r e  d is c u s s e d  i n  t h i s  s tu d y .  Most o f  t h e  m e ta b o lic  pathw ays 
in v o lv in g  th e  s y n th e s i s  o f  t h e  n o n - e s s e n t i a l  FAA w h ic h  a re  
e f f e c t i v e  in  is o s m o tic  i n t r a c e l l u l a r  r e g u l a t i o n  a re  r e v e r s i b l e  
a n d , as s u c h , can be  u s e d  f o r  th e  d e g r a d a t io n  o f  FAA no lo n g e r  
n eed ed  f o r  o sm o re g u la to ry  p u r p o s e s .
A side from  le a k a g e  and d e g r a d a t io n ,  FAA a r e  a v a i l a b l e  
f o r  in c o r p o r a t io n  i n t o  p r o t e i n s .  The e x t e n t  and  im p o rta n c e  o f  
th e  i n c o r p o r a t io n  i n t o  p r o t e i n s  o f  FAA u s e d  f o r  o s m o re g u la to ry  
p u rp o se s  i s  p ro b a b ly  q u i t e  l i m i t e d .  G i l l e s  and S c h o f fe n ie ls  (1969) 
c o n c lu d e d  t h a t  i t  i s  u n l i k e l y  t h a t  t h e  r e g u l a t i o n  o f  th e  FAA p o o l 
f o r  o sm o re g u la to ry  p u rp o se s  d ep en d s  upon th e  tu r n o v e r  r a t e  o f  
some p r o te in s  o r  on a  m o d i f i c a t i o n  o f  t h e  s te a d y  s t a t e  be tw een  
FAA and p r o t e i n s .
CONCLUSIONS
The a la n in e  and a s p a r t a t e  AT a c t i v i t i e s  i n  g i l l  t i s s u e  o f  
Mya aAma/Uja, MeA ccna/iia  meAce.no/iia and SpiAuZa AoZidiAAima a r e  e f f e c t e d  
by an i n c r e a s e  i n  th e  e n v iro n m e n ta l  s a l i n i t y .  The s a l i n i t y - i n d u c e d  
in c r e a s e  i n  t h e  a la n in e  AT a c t i v i t y  i n  M. aAe.no/iia and S . AoZidiAAima  
i s  i n t e r p r e t e d  as an o v e rs h o o t  r e a c t i o n  t o  an in c r e a s e d  s a l i n i t y  and 
th e  o b s e rv e d  p a r a l l e l  i n c r e a s e  i n  th e  c o n c e n t r a t io n  o f  a l a n in e  i s  
r e f l e c t i v e  o f  t h i s  r e a c t i o n .  E v idence  p r e s e n te d  l i n k s  th e  a s p a r t a t e  
and a la n in e  AT v i a  a d e c a r b o x y la t io n  o f  o x a lo a c e ta te  t o  p y r u v a te .  
S a l in i t y - in d u c e d  changes in  th e  c o n c e n t r a t io n  o f  a s p a r t a t e ,  g lu ta m a te  
and  a la n in e  a r e  t h e  r e s u l t  o f  th e  a d ju s tm e n ts  o f  m e ta b o lic  p a th w ay s 
r e g u l a t i n g  t h e  in p u t  and o u tp u t  o f  th e  compounds in v o lv e d  i n  th e  
a m in o tr a n s f e r a s e  enzyme sy s te m s .
I s o l a t e d  g i l l  t i s s u e  from  M. aAena/iia, M. meAce.no/iia and 
S. AoZidiAAima  w ere  in c u b a te d  i n  a r t i f i c i a l  s e a  w a te r  c o n ta in in g  
a s p a r t a t e - ^ C .  The r e s u l t s  o f  th e s e  e x p e rim e n ts  i n d i c a t e  t h a t  th e  
f o rm a tio n  o f  a l a n i n e - ^ C  from  a s p a r t a t e - ^ C  i s  n o t th e  r e s u l t  o f  a 
3 - d e c a r b o x y la t io n  on a s p a r t a t e  b u t  r a t h e r  th e  r e s u l t  o f  a  t r a n s ­
a m in a tio n  o f  a s p a r t a t e  t o  o x a lo a c e ta te  w hich  i s  d e c a r b o x y la te d  to  
from  p y ru v a te  o r  p h o s p o e n o lp y ru v a te . The p y ru v a te  form ed d i r e c t l y  
o r  form ed from  p h o s p h o e n o lp y ru v a te  p a r t i c i p a t e s  i n  a  t r a n s a m in a t io n  
t o  y i e l d  a l a n in e  w h ich  i s  a v a i l a b l e  f o r  o sm o re g u la to ry  p u r p o s e s .
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R a p id  in c r e a s e s  i n  th e  c o n c e n t r a t io n  o f  a la n in e  f o r  
o s m o re g u la to ry  p u rp o se s  in v o lv e s  th e  s y n th e s i s  o f  a la n in e  from  th e  
a v a i l a b l e  p o o ls  o f  K rebs c y c le  i n t e r m e d i a t e s ,  p y ru v a te  and a s p a r t a t e .  
L onger te rm  a d ju s tm e n ts  p ro b a b ly  in v o lv e s  th e  p ro d u c t io n  o f  a la n in e  
from  p y ru v a te  o b ta in e d  from  th e  g l y c o l y t i c  p a th w ay .
The p ro d u c t io n  an d  a c c u m u la t io n  o f  a l a n i n e - ^ C  and 
succinate--*-^C  from  a s p a r t a t e - ^ C  d u r in g  in c u b a t io n  u n d e r  a n a e ro b ic  
c o n d i t io n s  i s  th e  r e s u l t  o f  th e  m e ta b o l ic  p a thw ays d e s c r ib e d  f o r  th e  
a n a e ro b ic  m etab o lism  o f  th e  p r o d u c ts  o f  g l y c o l y s i s .  P re se n c e  o f  an 
a c t i v e  p h o sp h o e n o lp y ru v a te  c a rb o x y k in a s e  i n  th e  g i l l  t i s s u e  from  M. 
a x m o ji ia .  and M. m eJicuniVtia  i s  a d d i t io n .a l  s u p p o r t  f o r  th e  p re s e n c e  o f  
m e ta b o lic  pathw ays w hich  a r e  n e c e s s a r y  f o r  th e  c a p a c i ty  f o r  f a c u l a t i v e  
a n a e r o b io s i s .
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